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AND BASRUR SaNHVA RaO 
(Head of the Diparlmeiil ofChcmhtry, Central College, Bangalore) 

Rsc«iv«d October 31. 1943 
Introduction 

Tbxtiu materials like raw cotton and wool, which are not uniformly and 
quickly wetted under normal circumstances, can be thoroughly wetted by 
the action of wetting agents which thus play a prominent part in processes 
like dyeing, finishing and kicr-boihng in the textile industry Hundreds of 
wetting agents are now on the market and several new wetting agents are 
being discovered day to day The evaluation of a wetting agent has therefore 
become a matter of considerable practical importance 

Several methodi‘ are available for the determination of efficiency of wetting 
agenu m industrial practice These methods however arc semi-quantitative 
in dharacter and only serve us a rough guide in textile practice. Theoretically, 
the determination of spreadmg coefficient of the wetting agent solution on 
the grey yam should give a iwccise idea of the wetting power But the 
measurement of this quantity is beset with many difficulties since the system 
involves solids Complications due to roughn^ of the surface* and irre- 
produciWe kinetic effects and friction effects at the meniscus, render diflteult 
to get at an accurate determination of the contact angles in such systems. 
For the evaluation of wettmg agents, Cupples* worked out a method based 
on the fhndamental similarity between the mineral oil surface and the hydro- 
jffiobic portion oil the mner surface of the grey yam. His ejqienmental 
procedure however is not sausfactory smee he has measured surface tension 
1^ the ring method without taking necessary precautions. Rao and Ooss* 
have adopted die free lens technique of Langmuir for the puipose. The 
lutt pf method is very cumbersome Rao and Doss have however shown 
that the surface tension lowering runs parallel to the wetting power In the 
present wprk this fact has been taken advantage of for comparing ^ 
^ciencies of some of the common wetting agente (pure and cottunercial) 
and for studying the effect of salts on the wetting efficiency. The surftoe 

• Put or Ihctii iubniltWd by T K. in paitbd fblfilnunt of ihc leqnlreiiiMiU fur tl* dtirsv 
MnWr of Bokoes in tbs Univsislty of Mytors. 
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teoiiMi towerinc of Ave*minute-old sur&cet has been determined by the rini 
method taking adequate precautions. A few measoretnents have alio been 
made by the maafanum bubble pressure method with a view to investigate 
the suk^Uty of the method for the evaluation of wetting agotts. 

EXPBIUMBtlTAL 

TV ring method.— The work was mainly on Nekal BX. Its purification 
has been described previously*. The other wetting agents used were 
oommereial products and were used without purification. 

For determining surface tension the ring method was employed. 
Temperature control was not aimed at, for, very precise measurements were 
not oeccsskry since the aim of the work was only to classify the order of 
^kioKy of the weUmg agents. The solution under investigation was kqit 
in a platinum dish. One advantage in using the dish was that the surface- 
active impurities in it could be completely removed by heatmg the dish to 
red heat before each experiment. In aU the measurements the maxunum 
puU for the flve-minute-old surface was taken since it was not very 
'convenient to measure the maximum pull more quickly. In every case the 
average of at least three values was taken as the representative value. 

The maximum bubble pressure technique.— The technique introduced by 
•Js^r was modified and used in this laboratory**'* for the study of variation 
of surface tension of wetting agent solutions with time. This modified form 
of apparatus was employed m the present work. Air was pumped to the 
dropping tip through a constant head Wow off, a drying tower, a buffer bottle 
and a capillary. The air was dned to prevent the condensation of the water 
vapour in the capillary tube and consequent blocking of the passage. The 
buffer bottle was used to check the pulsations in air. The dropping tip 
drawn out of a soft glass tube was washed with chromic acid mixture and 
distilled water. It was vertically fixed to the stand and could be moved up 
and down by means of a screw arrangement. The verticabty was tested Iqr 
viewing the tip and its reflection at a mercury surface The Ups used required 
a pressure of about 15 and 13 cm. of xylene to force a bubble through wat«. 
The solution whose surface tension wm to be measured was allowed to attain 
a temperature of 30“ ±D rc, immersing the bottle containing ttie 
soluuon, in a water thermosut up^to its neck and allowing it to reniaitt ti»e» 
at least half an hour before the reading was taken. The bottle was then 
opened and brought underneath the tip. The Up was then lowered 
riowly so that it just touched the surface of the liquid. A small lengUi of 
the tip was then made to immerse under the solution by placmg the container 
pn a glass plate of known and uniform thickness. The pressure was adjusted 
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at the constant head blow off so that every bubUe came out at an interval 
of five seconds. The maximum pressure was read out on the xylene msno' 
meter, emi^oying a readmg lens. The pressure, corrected for the height of 
the up below the liquid, was proportional to the surface tension of the solution. 
Since the correction factor was practically equal to umty for a capillary of 
the size employed.* The correction to be applied for the pressure, shown by 
xylene manometer, for temperature fluctuaUons. was neghgible and was 
always less than 0-1 per cent The apparatus was standardised by taking 
measurements both for water and toluene The results are noted m Tabic I, 
the surface tension of water being calculated on the basis of the standard 
value of the surface tension of toluene. 


Tabu I 



Pr^foratim of the solutions —The stock solution was prepared by adding 
a calculated wei^t of the substance, and was stored in well cleaned jena 
bottles. Less concentrated solutions were oblamed by progressive dilution 
on volume basis. The surface tension was measured soon after the solution 
was prepared. The soluUons of commercial wetting agenU were all pre- 
pared in 0-01 N acetate buffer of pH 3 7, so as to avoid the influence of 
varymg pH on weltmg efficiency Measurements were made with purified 
Nckal BX solutions with and without salts. The results obtained by the 
ring method are given in Tables II and III. The results obtained by the 
maximum bubble pressure method are given in Tables IV and V. 


Tabu II 

Surface tension of wetting agent solutions by the ring method 

Aga of the serfece — 8' . pit » 7 1 Temperature S3 i:S° C 
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Table 111 


Surface tension of purified Neka! BX solutions in water, acid and 
salt solutions Ring method 

A^» of nurforo — 5' Tomperotnra « S8« C ± 8* C 



Table IV Tabu V 

Surface tension of five-second^' -old Surface tension of five-seconds' -old 

surface of Hekal BX solutions surface of commercial wetting agents 

inO 0\ N hydrochloric acid by of \ 0 per cent solutions in water 

maximum bubble pressure method by maximum bubble pressure 

at 30° C. method at 30° C 



U-8000 
0-4000 
0 MOO 
0-1000 
0-0800 
0-0280 
0-0100 
0 0080 
0 0028 



20-80 SO-I 
31-80 31-0 
31-30 36-0 
38-30 88-8 
38-30 38-4 
40-00 80-8 
43-80 43 8 
47-10 4«-S 
71-30 71-1 


Discusmon 

1. Relative efficiencies of some of the common wetting agents.-^A study 
of the variation of wetting efficiency of commercial Nekal BX solution with 
concentration by the apparent density method^'’ has revealed that solutions 
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hayjfig concentnitiom higher than 0*2 per cent, have a high wetting power, 
while the wetting efiBciency falls off q;uicldy at lower concentrations. 0 2 
per cent, solution of conuncrcial Nekal BX m water was found to have a 
sutfkce tension of about 36-9 dynes per cm. (.vide Table HI). It miy there* 
fore be assumed that the surface tension of any good wetting solution should 
be of the order of 37 dynes per cm. or less. Judged from this standard 
Diazopon A and Silvatol I are not sufficiently good wetting agents even at a 
concentration of 0 4 per cent. It may be pointed out in this connection that 
the former product is used mainly as an emulsifier and the latter is used as a 
detergent; thus, good detergent and emulsifying properties arc not neces- 
sanly associated with good wettmg action Turkey red oil also has a low 
wetting efficiency m acid medium. Triethanolamine has no wettmg pro- 
perties at all in acid medium. Oardinol C A., Ultrawon WX, Igepon T and 
Surfax are found to be very good wettmg agents and indeed they arc much 
better than Nekal BX. Igepon T is particularly good m that considerable 
wettmg property persists even at low concentrations. These conclusions 
refer to media having a pH of 3*7 

2. Effect of salts.— The influence of salu on the five-mmute values 
of surface tension is interesting. An exammation of Table III shows that 
banum chloride is much more effective than sodium chloride m reduemg 
the surface tension This may be due to the Ba++ ions attaching themselves 
to the mono-layer reduemg Ae electrical charge and consequently lowermg 
the electrical potential barrier Hydrochloric acid itself is more effective 
than sodium chlonde This can be correlated wiA Ae higher absorbabAty 
of hydrogen ions.* It is of interest to note that by Ae adAtion of sodium 
hexametaphosphate to Ae Nekal BX soluuon containmg banum chlonde, 
the influence of latter is largely annulled This is evidently due to Ae removal 
of Ba++ ions by the hexametaphosphate (Calgon) with the formation of 
soluble complex. Salts considerably increase Ae efficiency of wettmg 
agents, though a salt by itself has no wetting power. In fact, the commercial 
.sample (which contains sodium sulphate) has a higher efficiency than Ac 
pure sample itself at equivalent concentrations As has been already pointed 
out. divalent cations are much more effective than univalent ions m mcreasmg 
the wetting power This fact is of special interest from Ae pomt of view of 
commercial practice. It is usual in t-he textile industry to soffen Ae water 
before use But our results Aow that a small degree of hardness is highly 
beneficial to the action of Ae wettmg agent. A similar effect has been 
observed by Kalinor.* It is important however not to have too high a 
concentration of Ae divalent cations since Acy may parUally precipitate 
put Ae wetting agent and Aereby reduce Ac wetting power, 
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3 Maximum bubble pressure method.— Thou^ the maximum bubHe 
pressure method has been used by Adam* for studying the variation of 
surface tension with time, it has been shown by S V Venkatachala**^’ that 
the method cannot be adopted for such studies since reproducible values 
cannot be obtained TTie irreproducibility is due to the fact that during 
the process of formation of the bubble large irregular changes in the area of 
the surface take place Venkatachala however ob^rved that if the age of 
the surface was less than 5 seconds the values were fairly reproducible. The 
results got in the present work (Tables IV and V) show that with different 
tips the values of surface tension may sometimes differ by over 8 dynes per 
cm even when the age of the surface is 5 seconds This shows that the 
maximum bubble pressure method cannot be used for the measurement of 
surface tension of systems which exhibit a variation with time. A rough 
idea of the order of wetting efficiency of different solutions can however be 
obtained by this method. 

Summary 

The relative efficiencies of some of the common wetting agents have 
been dclermmed by measuring the surface tension of ftvc-minutc*old surfaces 
of the solutions using the ring method m a modified form Aqueous 
solutions giving a surface tension of 37 dynes per cm may be considered to 
have good wettmg properties It is found that wettmg power is not 
necessarily associated with detergent and emulsifying properties. 

Salts greatly increase wetting power Bivalent cations are more effective 
than univalent cations m increasing wetting power A moderate degree 
of hardness m water employed in preparing solutions of wetting agents may 
be of advantage in the texule industiy 

The max imum bubble pressure method is shown to be unsuitable for 
the measurement of surface tension of solutions which show a vanation with 
time. A rough idea of the order of wetting efficiencies of wetting agents 
can however be obtained by measuring the surface tension of a five-secemd- 
old surface by this method. 
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SPREADING OF CASEIN AND DERIVATIVES* 

By G N. SuBw Rao, K. S. Oururaja Doss and Basrur SaJoiva Rao 

(Dtpartmtnl of Chimittry, UiAwnU\ of Mvmt CtMrol Colitgt, Batmlor*) 

Reodved October 31, 1943 

Durino recent years there has been a great revival of interest in surface 
films, in particular those of proteins The surface behaviour of casein 
IS of special interest since it can be studied both by the classical spreading 
method"'*'* and the new surface ageing technique developed by Doss* 
and independently by McBam and Wilson •* In the present work the spread- 
ing of casein and some of its derivatives on aqueous substrates has been 
investigated. 

Experimental 

1 Preparation of materials —In some of the expenmenU casein (Ham- 
mersten) obtained from Kahlbaum was used Isodisperse casein obtained by 
the method of Svedberg, Carpenter and Carpenter** was also studied It was 
prepared as follows, Hammersten casein was extracted at 40“ C for one hour 
with two litres of 70% ethyl alcohol containing one c.c of N hydrochloric 
acid per litre of alcohol The extract was centrifuged off from the residue. 
The soluble portion of the extract was reclaimed by precipitation with dilute 
sodium hydroxide and separated from the alcohol using the centrifuge. The 
solid was dned m a vacuum desiccator at laboratory temperature and dis- 
solved in 0 2 N sodium acetate solution. 

2 Formalised casein —0 05% solution of casein in 0 2 N sodium 
acetate was mixed with an equal volume of a 40% solution of formaldehyde. 
The mixture was allowed to stand for three days 

3 Deammised casein — Hammersten casein was deammiscd according 
to the method of Dunn and Lewis* 140 cc of glacial acetic acid were 
added drop by drop, with vigorous stirring, to two litres of a 5% suspension 
of casein in water, the operation lasting two hours To the suspension, 
500 c c of 8% sodium nitrite solution were added drop by drop for 1 J hours 
with vigorous stirring The mixture was allowed to stand for eighteen hours 
The precipitate of the deaminised protein was filtered, washed with hot 
water until free from nitrite and dried in a desiccator over concentrated 


• Part of theais aubmilled by O N S In partial ftilfllinent of th« requiremoota for Uw 

Dc|i«» of Master of Science of the Myaore Uniwally 
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•ulphuric acid at the laboratory temperature The product was Ught yeUow 
in colour but had a tendency to turn brown on exposure to light. It was 
therefore preserved in the dark. A portion of the product was dissolved 
in 0-5% sodium hydroxide The alkaline solution was deep red. The 
nitrogen content of the solid protein was determined by the Kjeldahl method 
and found to be 14 72% while the Hammersten casein had 15 43% This 
value corresponds to what was obtained by Dunn and Lewis • 

4 Sof&um metaphosphate.— Thii was prepared by heating sodium 
dihydrogen phosphate in a platinum dish for eight hours at redness. The 
red'hot dish was carefully quenched in water and the sohd metaphosphate 
stored m a dry bottle 

5. Trichloracetic add— Acid of CP quality was used 
The various buffer solutions were prepared from chemicals of C.P 
quality and the quinhydrone electrode was used to measure their pH 

The Tbchniqub of SPRBADmo ano op the Mbasukbment of 
Surface Pressure 

The essential requirement for the quantitative study of protein films 
IS a reliable and reproducible method for the preparation of films Since 
the proteins are soluble in water, there is always a nsk of some of the protein 
entermg into the bulk durmg the spreading process Several experimenters 
have descnbed in detail the procedure to be followed for spreading in order 
to get reliable results Gortcr and Grendel* forced the solution through a 
capillary kept horizontally and close to the surface Fourt and Schmidt” 
used a micrometer syringe and insisted on the needle bemg kept just above 
the surface and in contact with it Neiirath^’^ on the other hand, dropped the 
solution frenn a height of 2-3 mm from the surface and found that if the 
drops of the solution touched the surface before deUchmg themselves the 
spreading was incomplete Hughes and Ridcal” spread ghadin by placuig 
the solid protein on the surface and obtained more complete spreading than 
was got by Oorter’s method The success in the fomicr method is due to the 
fact that the capiUary-active substances dissolved at a much slower rate, 
at the solid-water interface than at the contour m contact with the water- 
air interface This method, however, cannot be adopted with casein which 
does not spread in the solid form Langmuir and coworkers" spread the 
protem by taking its solution in the form of a band on a metal foil .nnd slowly 
lowering the foil into the substrate This technique is elegant as it minunises 
the penetration of the spreading solution into the substrate in the process of 
propping. 
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In our modification of the Langmuir method, two glass strips about 
6' long and 1* wide were coated with paraffin, npto 2' from one end. The 
strips were handled at the paraflaned ends only, thereby preventing the transfer 
of surface-active material from the hand to the exposed glass. The bare 
portions were cleaned in warm chromic acid and washed with water. A 
measured quantity of the protein solution was put on one of ihe strips and 
worked into a thin ribbon with the other strip. The strips were then slowly 
lowered into the surface 

The surface pressure measurements were made by means of a film 
balance improvised from a Du Nouy tensiometer The trough was con- 
structed of a beading of glass strips on a glass plate, using high grade paraffin 
from which traces of surface-active impurities had been removed by heating 
with activated silica gel Praffined glass strips wore used as ban icrs Metal 
foils, coated with paraffin (m ether solution) prevented the leakage of the 
film to the other side of the float— a paraffined mica strip. Before caeh experi- 
ment the trough was always tested for contamination The entire apparatus 
was enclosed in a cabinet, with glass sides 
Results 

1. Comparison of the two methods of spreading —A comparative study 
was made of the direct dropping method and the modified band method. 
The results are given in Table I 

Table I 

A Spreading of casein {Hammersten) by dropping method on 
O'Ol ^hydrochloric acid 
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B. Spreading of Hammersten casein by the modified 
band method on 0 01 N hydrochloric acid 


Tim# allowod for tpttiujing — 1 mlnat* 



Av«r»*e llmilinc are* » I 10 «). raetru per m*. 


The results show that the modified band method is far superior to the 
dropping method Spreading by the former method is found to be quick, 
one minute being sufficient for complete spreading. The modified band 
method has therefore been employed in all subsequent work 

Admixture with ethyl alcohol has been employed to enhance H>reading.'* 
The addition of alcohol to the spreadmg solution primarily helps by reducing 
the surface tension so that the liquid spreads more easily on water. Amyl 
alcohol, known to be more surface-active, can be expected to give better 
spreading of the protein. It has been tried by us, but contrary to expecta- 
tion, the limiting area for casein was found to be only 0 47 sq metres per mg. 
The cause of this reduction in spreading is not clear. It is probably con- 
nected with denaturation, as can be gathered by the behaviour of denatured 
casern in the following experiment. Casein (Hammersten) was refluxed 
for an hour with absolute ethyl alcohol and dried for 2 hours at 80’ The 
product was insoluble in warm 0-2 N sodium acetate and dissolved only in 
0‘5% alkali Spread from the alkali solution, the denatured casein was 
found to have on 0 01 N HCI substrate a limitmg area of 0 84 sq. metres 
per mg, vrfnlc before denaturation the corresponding value was 1 • 19. 

2. Effect of neutral salts on Reading of casein —The influence of salts 
(in the substrate) on the spreading of casein was studied. The resulU ar« 
given in Tnhle U. 
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Tabu II 



The results indicate that salu have no appreciable effect on the spreading 
of casein on the acid side of the isoelectric point (pH 4 7). On the alkaline 
side, however, salts do increase the spreading 


3 Effect of pH on the spreading of casein —The effect of pH on the 
spreading of the protein has been studied using different substrates The 
results are given m Table III 

Table III 



The results show that the luniting area diminishes with an increase in 
the pH There appears to be an ill-deiined minimum m spreading at pH 8-0 
It is of interest to note that casein does not attain maximum spreading at 
its isoelctric point Casein m this respect ladically differs from egg albu- 
min*'** and pepsin ^ Two factors seem to control the limiting area The 
extent of spreading itself, is controlled by the charge on the molecules m 
the film. This factor would lead to minimum spreading at the isoelectric 
point, for, the charge on Die protein at this pH is minimum. At pH values 
far removed from the isoelectric point, the solubility of the protein is consi- 
derable so that the chances of the added liquid going into the bulk of the 
substrate (mstead of spreadmg) are rendered greater. This factor by itself 
9au8e a maximum spreadmg at the isoelectric pomt At any pH 
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therefore one haa to consider the effect due to both these factors. When 
the solubility effect becomes predominant there is maximum spreading at 
the isoelectric point. The increase in film areas on the highly acid side may 
be caused by the ionisation of the polar groups of film molecules Ionisation 
of the end groups brings into play repulsive' forces between the molecules 
and enhances the spreading. With casein the solubility effect seems to be 
relatively unimportant in acid solutions, but the effect is prominent m neutral 
and alkalme solutions This explains why in the spreadmg of casein on an 
acid substrate, salts have no effect, while they have a marked effect m the 
case of a neutral or an alkaline substrate 

4 Effect of formaldehyde on the spreading of casern —The spreadmg 
of solutions of casein treated with formaldehyde (for three days) has been 
studied The results arc given in Table IV 


Table IV 



Formaldehyde therefore diminishes the spreadmg The influence of 
pH on spreadmg is also less. The decrease in spreadmg may be due to the 
formation of methyleneimmo-compounds m which two molfccules of the 
protem take part' 

5 Effect of sodium metaphosphate and of trichloracetic acid on spread- 
ing.— Tbese two reagents are known to coagulate proteins m solution. The 
effect of these two substances has therefore been studied The results are 
given m TaWes V and VI. 

A large reduction m spreadmg is nouced with the metaphosphate. It 
is known that metaiAosphates form a complex between two amino groups. 

formation is probably responsible for the lateral contraction of 
the film. Trichloracetic acid is without any effect on ^readmg. This may 
be correlated with the fact that 0 5% trichloracetic acid docs not preccipitate 
casein. 

6. Spreading of deaminised casein.— ’t\ie behaviour of deammised 
Casern is of great mterest, as the film on dilute hydrochloric acid (pH 2 0, 3 -0 
and 4-0) collapses with time. At pH 2-2, the initial area of the film at a 
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Tamb V Tabu VI 

of metaphosphate ^Effect of trichlaraceiUi acid 



pressure of one dyne per cm. is of the same order as that for Hanunersten 
casein (1 3,000 sq. cm pet mg) The iimiting area however could not be 
detennincd as the film collapsed quickly at higher pressures. No film of 
deanunised casein could at all be got on distilled water. 

7. Spreading of isodisperse casein.~lsod\vpetsc casein prepared accord- 
ing to the method of Carpenter** is interesting smce it has been shown to be 
a defimte chemical individual with a molecular weight of 375,000. Table 
VII shows the behaviour of this protein on spreading. 


Tabu vn 

rime al lowed for apreadlBS =■ 1 miniile 



It is seen from Tables ID and VU that isodisperse casein has the same 
qweading characteristics as the Hammersten casein. 

SUMUAKY 

1. Casein has been spread from its aqueous solutions by deferent 
methods and it has been found that the modi^ band method is the most 
suitable for the study of protem films. 
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2 Effect of salts (m the spreading of casein has been studied The 
results obtained can be explained on the basis that two different factors, 
solubility and the electric charge of the protein molecule influence spreading 

3 Treatment of the protein with formaldehyde causes a decrease in 
spreading Change in pH affects spreading of formolised casein to a smaller 
degree. 

4. Sodium metaphosphate diminishes markedly the spreading of casein 
Trichloracetic acid, however, has no effect 

5. Dcaminisation of casein alters the spreading properties and gives 
unstable films on acidulated water No films can be got on distilled water. 

6. The spreading properties of an tsodisperse fraction of casern have 
been studied The limiting area of this fraction has been found to be of the 
same order as that of the original material 
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fluorescence reactions with boric acid 

AND O-HYDROXY-CARBONYL COMPOUNDS, AND 
THEIR APPLICATION IN ANALYTICAL CHEMISTRY 

Part IV Aag-dyes from o-Hydroxy>carbonyl Compounds 
By K Nbelakaniam and M V Sitaraman 

(fn»M the Departmeets ofthenu^trv. Andhra UnhetsUy and Presidency College, Madras) 
Received November 26, 194^ 

In the previous parts Neelakantam, etal^ showed that solutions of many 
compounds containing the o-hydroxy-carbonyl group in concentrated 
sulphuric acid, when treated with boric acid, developed a marked fluorescence 
if originally non-fluorescent. or exhibited a marked intensification of the 
fluorescence already present This ‘ Fluorescence Effect ’ was noticeable 
m some cases in daylight but generally only under filtered U V light This 
remarkable behaviour was found to be quite characteristic of such molecules, 
and among the large number and wide variety of compounds already 
examuied, there were only two exceptions which gave a positive reaction in 
the absence of this group It was also found that the mtroduction of the 
bathoflonc bromine into the molecule of the compound did not lead to 
negative results in all cases It was, however, noted that while a positive 
reaction mdicated the presence of the ortho-combmation of the groups, the 
converse was not true With the introduction of the bathoflonc oitro-group, 
the ‘ Fluorescence Effect ’ with boric acid also disappeared, while sulpboodc 
group enhanced the effect 

In the hght of the previous work it is of considerable mterest to investi- 
gate the effect of introducmg the bathoflonc azo-group, by coupling the 
o-hydroxy-carbonyl compounds with diazonium salts, on the Fluorescence 
Effect with boric acid Such an investigation was regarded of value for 
two reasons, vU .—(a) it would throw hght on the scope of the teat for 
detectmg the group m molecules of such great tinctorial powers as the azo-dyes 
are; and (b) as a necessary extension of these investigations whose primary 
object was the development of suitable reagents for the detection and deter- 
mination of bone acid In the course of mvcsugations already reported, 
resacetophenone was found to give the best results in the test and was there- 
fore suggested for the detection of micro-quantities of bone acid by a 
fluorescence reaction under filtered U.V. light » The utility of this reagent 
16 
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it by the fact that the fluorescence m presence of bone acid is excited 

only under U.V. light. A reagent which yields similar results in dayUght 
would in dml be very useful for the detection and should also prove of value 
for the determination of bone acid. 

A large number and variety of azo-dyes can be prepared from aniline 
Itself by diazotislng and coupling with different o-hydroxy-carbonyl com- 
pounds. stitl by using other amines, an enormous number of compounds 
can be produced The present mvestigation, however, has been limited to 
seven of the commercial azo-dyes derived from salicylic acid, samples of 
which were available, and twenty azo-dyes which were synthesised for the 
purpose. Azo-dyes derived from salicylic acid have received special atten- 
tion m this investigation for two reasons, viz •— (a) it is a typical o-hydroxy- 
carbonyl compound which is commonly available; and {b) it is specially 
characterised by a marked ability to fluoresce when compared with other 
compounds of the same group In strongly alkaline and concentrated 
solutions salicylic acid exhibiu a deep violet fluorescence visible in daylight 
itself and very promment under filtered U V. light In concentrated sulphuric 
acid solutions, the acid is non-fluorescent m daylight but strongly fluoresces 
m filtered U V. For purposes of comparison eight azo-dyes which contained 
one or more phenolic hydroxyls, but the o-hydroxy<arbonyl group was 
absent, were synthesised 


Table I 




Table II 
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EXPnt&fENTAL 

Azo-dyes.—The azo-dyei were prepared in the usual manner by tliazo- 
tUmg the amine and addmg the solution gradually to an alkaline solution 
of the coupling component The reaction mixture was kept distinctly 
alkaline and left over-night The solution was then acidified and heated 
to boiling. The precipitated dyes were filtered and crystallised generally 
from aqueous alcohol and m a few cases from water The dyes were charac- 
terised by their colour and melting pomU They generally sintered several 
degrees below the tenqierature at which they finally melted and it is the latter 
temperatures that are recorded m the table. 

Fluorescence Test —The solutions were prepared and the tesU carried 
out exactly as described m the previous conununications When the solutions 
in sulphuric acid were strongly coloured, they were diluted until pale in 
colour. 

As the source of U.V. a mercury are enclosed in a cabinet provided with 
an U.V.-fllter which transmitted mostly in the U.V and a little in the violet- 
blue region was employed. 

RBSU1.TS 

The resulu are recorded in three tables given above, commercial samples 
in Table 1 and the prepared dyes in Table n Compounds included in both 
tables contam the o-hydroxy-carbonyl group For comparison, the results 
obtamed with dyes in which this group is absent are given in Table III. With 
the exception of ‘ Magneson ’ (p-nitrobcnzene-aao-resorcmol, B D H 
sample), the dyes included in the table were also prepared for this investigation. 

Discussion 

It is well known that while the azo-group is bathofloric, it does not des- 
troy the ability to fluoresce completely, as docs the nitro-group. but weakens. 
It can be seen from the daU presented above, that several dyes of the azo- 
group fluoresce, though weakly, in concentrated sulphuric acid solution under 
ultra-violet light. On the addition of boric acid, however, the intensiflcatton 
of fluorescence does not occur in all cases, but there arc several examples 
m which it docs (c/. Tables I and II) A positive result in the fluorescence 
test appears to be Independent of the ability of the parent molecule to 
fluoresce in solution and no generalisation with regard to the influence of 
substituents is at present possible It is, however, remarkable that though 
negative resulU have been recorded m the test with boric acid with several 
molecules nhich oonrained the o-hydroxy-carbonyl group, no positive result 
was obtamed m the absence of this group as can be seen from Table III, 
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It is evident that the boric acid test for the o-hydroxy-carbonyl group 
IS also applicable to the azo-compotmds. However, negative results are 
obtained more often with the azo-dyes than with the o-hydroxy-carbonyi 
compounds from which they are derived. It may also be pointed out that 
the results are similar to those obtained with the brominated compounds 
already reported Thus it is clear that while a positive result confirms the 
or'Ao-orientation of the hydroxy and carbonyl groups, a negative result 
does not prove the contrary. 

With regard to the second object of this investigation, it may be stated 
that only the o- and p-hydroxy-benzene-azo-salicylic acids gave fluorescence 
effects With boric acid approaching those with resacetophenone. These 
compounds do not possess any special advantages over rcsacctophecone 
as reagents for the detection of bone acid 

Conclusion 

The introduction of the azo-group mto the molecule of an o-hydroxy- 
carbonyl compound does not mvanably produce a negative result in the 
fluorescence test with bone acid carried out under filtered U.V. hght. Fluo- 
rescence intensification on the addition of bone acid is observed in several 
cases, though there is a marked diminution in the intensity of the effect when 
compared with the parent o-hydroxy-carbonyl molecule. 

The fluorescence test for the ortAo-orientation of the hydroxyl and 
carbonyl groups is also applicable to the azo-dyes but a negative result does 
not prove the contrary. 
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CONSTITUTION OP PATULETIN 
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FkOM the experiments described tn Part P it could be sumuted that patuletm 
II the 6-methyl ether of quercetagetin. Confirmation of thu conititution 
appeared to depend on the discovery of a new method of synthesis of the 
flavonols of the quercetagetin series 

Two flavonols with the 5:6: 7-aiTangemcnt of hydroxyl groups arc 
known to occur m nature The first is quercetagetin which is present partly 
free and partly as its glucoside, quercctagitnn, m the flowers of Tagetes 
trecta. The second is nor-tangcretm occurrmg as its pentamethyl ether, 
tangereun, in the peels of Tangerine oranges The former was synthesised 
by Baker, Nodzu and Robinson * The mam stages of their synthesis are 



queroetagetin-pentamethyl ether. The other alternative would have re- 
sulted in the formation of gossypetm derivative but this did not happen 
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Tangeretin (IV) was obtained by Ooldsworthy and RoWnaon* m a similat 
way using sodium anisate and anisic anhydnde. 

Though the above is an excellent method and works satufactonly. it is 
not suitable for the present purpose It yields only 6 : 7-dimetbo)cy com- 
pounds, a 5-7 combination of methoxyls with the 6-hydroxyl free is 
desirable Further, the synthesis of 4 ; 5-dimethoxy-resordnol (D startmg 
from guaiacol is rather tedious as a large number of stages arc involved. 
Consequently a different, and if possible, simpler scheme for the synthesis of 
quercetagctin and its analogues which may eventually lead to the establish- 
ment of the constitution of patuletm had to be sought The following is 
one such 



£u : 4 • 6-Triraethoxy-phloroacetophcnone (V) was obtained in the 
past by the alkaline degradation of the methyl ethers of flavonols* like 
quercetin but it does not seem to have been produced synthetically It has 
now been prepared by two methods. The first starts from the dimethyl 
ether of phloroglucmol (X) which is condensed with raethoxy acetonitrile. 
Two products are possible and were actually isolated in equal amounts m 
th« analogous case involving acetonitrile.* But here, ketone (V) is obtained 
as predominantly the main component The mixture could be easily 
sepamted since the parO’bydroxy isomer (XI) is soluble in aqueous sodium 
carbonate and the wfho-hydroxy compound (V) is not soluble in it. 
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The tecond method which it rather more convenient converts phloro- 
glucinol directly into <D-methoxy-phloracctophenonc (XII) which is then 
subjected to partial methylation with the required quantity of dimethyl 
sulphate and potassium carbonate in benzene-acetone solution to form the 
ei»-4; d-trunethyl ether (V) 

Oxidation of the tnmethyl ether (V) with alkaline potassium per- 
sulphate takes place fairly smoothly to yield the di-hydroxy compound (VI). 
The constitution of this product is not only based on well-estaWished analogy 
but IS also supported by its properties It does not give a precipitate with 
neutral lead acetate which is an indication that the hydroxy groups are not 
ortho to each other but para. A more definite support is lU smooth con- 
version into qucrcetagetin-pentamcthyl ether (VII) by fusion with veratne 
anhydride and sodium veratrate Further methylaUon of (VII) yields the 
hexamethyl ether (Vni) and demcthylation yields quercetagetin (K) both 
of wdtich have been compared and found to be identical with authentic 
samples.* Thus the suitability of the proposed synthetic method has been 
established It is found to be quite convenient and easy to carry out and 
provides an intermediate compound with the 6-hydfoxyl free 

Using anisic anhydride and sodium anisate for condensation with the 
ketone (VI) and by subsequent methylation tangeretin* (IV) has been obtained- 
The method has also been applied for the synthesis of the two remaining 
members of this flavonol scries which have not yet been discovered ih nature 
but which probaUy occur in the plant Idagdom; 6-hydroxy-galangiB or 
3:3:6: 7-tctrahydroxy-fiavone (XlIO » the lowest member a^ 64ydroxy- 
myricetin or 3 : 5 : 6 : 7 . 3' : 4 ' ; 3'-hepte-hydroxy-flavone (XIV) is the highest. 



26 


L> Ramachandra Row and T R. Seahadn 



1 CO 
OCH, 
(XVI) 


rt may also be mentioned here that the dihydroxy-ketone (VI) on careful 
partial methylation using one molecular proportion of dimethyl sulphate and 
poussium carbonate in benzene-acetone m^ium yields a tetra-methyl ether 
which is found to be identical with quercetagetol tetramethyl ether* (XV) 
obtained by the alkaline degradation of hcxamethyl ether of quercetagetin 
(VIII). Thus this constitutes the first synthesis of quercetagetol tetramethyl 
ether. Its condensation with benzoic anhydride and sodium benzoate did 
not proceed smoothly and yield the expected 3 5 - 6 - 7-tctramcthoxy flavonc 
(XVI). The reaction seemed to be accompanied by some amount of de- 
methylation of the 5-methoxyl group and the product was a mixture giving 
appreciable ferric chloride colour Further methylation, however, yielded 
a pure sample of the tetramethyl ether (XVI). It may be mentioned in this 
connection that in several experiments on the Allan and Robinson conden- 
sation of the ketone (VI), the producte gave appreciable colour with ferric 
chloride, indicating slight dcmethylation, though this was not obvious from 
the analytical results In several other experiments, the producU did not 
yield such colour with ferric chlonde, and it could, therefore, be inferred 
that pure samples with 6-faydroxyl alone do not give this colour. 

EXKMMBHTAt. 

lu ; 4 : 6-Trimethoxy--l-hydroxyacelopkttione ( 10 : 

(i) Condensatton qf dimethyl ether of phhrozludnol with methoxy- 
0cHonitrUe.—Dmtthyi ether of phloroglucinol (X) was jHvpared according 



CoMsiihtiwt of Patul4tt»—tl 


17 


to the method of Pratt and Robiiuon.* The dimethyl ether (5-0 g.) wm 
condensed with methoxy-aoetomtrile (5c.c) in anhydrous ether (50c.c.) in 
presence of fused zmc chloride (1 -0 g ) by saturating the solution with dry 
hydrogen chloride at O'. The ketunlne hydrochlorides separated out on 
the sides of the flask even during the first hour After passing the current 
of hydrogen chloride for an hour after saturation, the flask was left in the 
refrigerator After three days, the ether was poured off and the mixture of 
ketimine hydrochlorides was washed with dry ether (50 c c ) 

A separation of the ketunine hydrochlorides depending on the different 
rates of hydrolysis was attempted but it was not successful The whole of 
the solid was treated with 50 c c of water, heated over a water-bath for a 
few minutes and quickly cooled No solid separated out. Therefore, more 
water (50 c c.) was added and the solution kept in a boihng water-bath for 
45 nunutes On cooling, a heavy oil separated out which did not sohdiiy 
even after keeping for some hours in the ice-chest It was therefore extracted 
with ether A dark reddish brown resinous mass (0 8g) was left behind 
being insoluble in ether This was rejected The ether layer was extracted 
thrice with aqueous sodium carbonate (5%) 

On evaporating the ether layer, a light yellow oil was obtained which 
crystallised readily on scratching with a glass rod It was crystallised twice 
from alcohol when « • 4 : 6-trimethoxy-2-hydroxy-8cetophenone (V) was 
obtained as colourless transparent prisms melting at 103-04' The melting 
point recorded in the literature* for hydroxy-fisetol-tri methyl ether is 
102-04°. Yield, 1 8g. [Found: C, 58-5; H, 6-3 C„H,40. requires 

C, 58 4; H, 6-2%.] 

When the sodium carbonate extract was acidified a dark resmous mass 
was obtamed in small yield. It was filtered and crystaUised from alcohol 
containing acetic acid. On coobng, most of the resm came down as a dark 
amorphous powder which was filtered and rejected. From the filtrate by 
careful dilution with -water a small quantity (0-lg) of the isomenc 
CO ; 2 . 6-trimethoxy-4-hydroxy-acetophcnone (XI) was obtained It was 
crystallised once agam from alcohol from which it came out as flat needles 
and rectangular plates melting at 259-60' It did not give any colour with 
ferric chloride m alcohohe solution. [Found C, 57 9, H, 6 3 CiiHuO^ 
requires C, 58‘4 and H, 6'2%.] 

(ii) fmUd methykuion of (o-methoxy-phloroacetophmont (Y//).— <o- 
Mothoxy-phloroacetophenone’ (4g)wai dissolved m a mixture of anhydrous 
acetone (30 c.c ) and anhydrous benzene (90 c c.) and the resulting solution 
was refluxed on a ivater-bath with freshly igmted potassium carbonate (10 g.) 
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and dimethyl tulphate (3 • 9 o c.). After reflumng for twelve hours the poUistium 
salts were separated by filtration and washed thrice with warm benzene 
The filtrate was extracted with aqueous alkali (5%) four or five umcs On 
acidification, the alkali extract deposited the required at : 4 : 6-tnmcthoxy- 
2-hydroxy-acetophenone (V), the melting point being 98-100" C. When 
crystallised twice from alcohol, it was obtained as big colourless transparent 
prisms melting at 103-4° Yield, 2 75 g It dissolved in aqueous alkali 
yielding a pale yellow solution and with neutral ferric chloride a reddish 
brown colour was obtained in alcoholic solution 

The potassium salts from a number of methylations were collected, 
dissolved m water and acidified with strong hydrochloric acid The turbid 
solution was extracted repeatedly with ether and the ether extract was shaken 
several tunes with sodium cartenate solution After separatmg the ether 
layer, the carbonate extract was acidified when a pale rose coloured solid 
(0-5 g.) was obtained. It crystallised from hot water m the form of colour- 
less long prismatic rods melting at 208-10* (Found C, 56 7, H, 6 2, 
C,«H,A requires C, 56 6 and H, 5 7%] It gave a pink colour when 
treated with fernc chloride m alcoholic solution It was soluble in aqueous 
sodium hydroxide and sodium carbonate and was obviously a dimethyl 
ether. Its exact constitution is not yet determined. 
u-4.6-Trimethoxy2 ‘i-dihydroxyacetophenoru {VI) 

To a mechanically stirred solution of in-4 • 6-trimethoxy-2-hydroxy- 
acetophenone (V) (3 3 g.) m aqueous sodium hydroxide (50 c.c., 5%) kept 
at 15-20*. a solution of potassium persulphate (4 Og. m 50 c.c. of water) 
was added slowly during the course of 3 hours The solution was allowed 
to stand for 20 hours and then rendered neutral to litmus with dilute hydro- 
chlonc acid. On stirring and scratching the sides of the container with a 
rod, the unreacted ketone (0'8g.) separated out It was filtered off 
and the yellowish orange filtrate treated with concentrated hydrochloric 
acid (15 c c.). It was then heated on a steam-bath for 15 minutes and while 
still hot filtered through a bed of animal-charcoal under suction On cooling 
the clear orange coloured filtrate, it deposited a black resinous material which 
was separated by decanting the clear supernatant liquid. The required 
product slowly came out as shining bright yellow crystals when the decanted 
liquid was kept overnight in the ice-chest. It could also be extracted with 
ether. Repeated extraction with ether (six to eight umes) was found 
oecenary and in this case the yield of the oxidation product was better. It 
was crystallised twice from hot water using animal-charcoal, when it was 
obuined as bright yellow ihiniBg rhothbohedral {dates melting at 135-136°. 
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Yield. 0-8 g. [Found. C. 54-8; H, 6-0; C,iHuO, requires C, 54-6 and 
H, 5 8%.J It dissolved m aqueous alkali forming a bn^t yellow solution 
which gradually turned orange-red In alcoholic solution a transient green 
colour was obtained with feme chloride It did not give any precipitate 
With neutral lead acetate 

aMt • 5 : (hTetramethoxy-l-hydfoxy-acetophaione {Querecotagetol-teiramethyl- 

ether) (XV) • 

A solution of dry «>• 4’ 6-trimethoxy-2 5-dibydroxy-acetophenone (VI) 
(0'5g) in anhydrous benzene (SOcc) was treat^ with dimethyl sulphate 
(0-25 g. in 5 C.C of benzene) and freshly ignited potassium carbonate (1 Ogl 
After refluxing on the water-bath for ten hours, the benzene solution was 
Altered and the potassium salts washed thrice with warm benzene (15 cc.) 
The benzene flltrate was repeatedly extracted with aqueous sodium hydroxide 
(3%) On acidifying the alkali layer with hydrochloric acid, the solution 
became turbid and did not deposit any crystals It was, therefore, left over- 
night in the refrigerator A pale red crystalline solid was deposited which 
was filtered, it crystalLsed from hot water as colourless long rectangular 
plates raeltmg at 77-78° A second crystallisation from hot water did not 
raise the meltmg point Yield, 0 25 g It did not depress the melting point 
of the ketone obtained by the alkaline degradation of the hexamethyl ether 
of qucrcetagetin.* Both give the same brown colour reaction with feme 
• chloride in alcoholic solution. The synthetic product is therefore identical 
with quercctagetol-tetramethyl ether [Found C. 56 6, H. 6-6, C|tHi|0« 
requires C, 56 3 and H, 6-3 ) 

The fully methylated ketone (pentamethyl ether) could be obtained as 
a pale yellow oil in a small quantity on evaporating the benzene layer But 
It was not further investigated 
3 • 5 l-Trimethoxy-6-hydroxy~flavone . 

An intunate mixture of w 4 • 6-trimethoxy-2 . 5-dihydroxy-acetophcnone 
(VI) (1 0 g ). benzoic anhydride (9 0 g.) and sodium benzoate (3 0 g ) was 
heated under reduced pressure at 180-90° for flve hours The mixture 
flrst fused and then solidified The crust was broken by means of a glass rod 
and refluxed with 30 cc of alcohol for 15 minutes The hot solution was 
then treated with alcoholic potash (30 c c containing 6g, of potassium 
hydroxide) and the refluxing continued for 25 minutes more After removmg 
the alcohol under reduced pressure, the dark brown residue was dissolved m 
water (150c c.) and saturated with carbon dioxide A dark brown precipi- 
tate settled down. It was found advantageous to ether extract the solution 
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along with the precipitate instead of filtering, as the ether extracted only ^ 
desired flavone and not the accompanying resinous impurities. On removing 
the ether by evaporatation, the flavone separated out m the form of a pole 
yellow crystalline compound which was crystallised twice from alcohol. The 
3*5. 7-trimethoxy-6-hydroxy-flavone was obtained m the form of elongated 
rectangular prisms (rods) which sintered slightly at 162' and finally melted 
at 170' A third crystallisation was also done but there was no change in 
Its behaviour on heating Yield, 0 4g [Found. C, 66*0, H, 5 0; OCH,, 
27*3; CnHiA requires C. 65 9 ; H. 4 9 and OCH„ 28 3%). In concen- 
trated sulphuric acid, it dissolved yieldmg a pale yellow solution with no 
fluorescence. 

3:5*6: l-Tetra-nutkoxy-flavone (XVI) * 

First method.— A solution of 5 7 . 3 *trunethoxy- 6 -hydroxy-flavone 
(0*1 g) in anhydrous acetone (30c.c) was treated with dimethyl sulphate 
(0*3 c.c.) and anhydrous potassium carbonate (1 Og) and the mixture was 
refluxed for 12 hours The potassium salu were then removed by filtration 
and washed with warm acetone (15 c.c) On evaporating the acetone 
filtrate, a light reddish oily residue was left behind It was treated with 
dilute alcohol (3cc 1 1) and left in the ice-chcst overnight. A white 
crystalline compound separated out It was filtered and crystallised from 
ethyl acetate The tetramethyl ether was obtained as colourless flat needles 
and rectangular plates melting at 110-11° [Found C, 66 9, H, 5*7, 
CisHuO, requires C, 66 7, and H, 5 3% ] 

Second method — Quercctagctol-tclrarocthyl-cther (XV) (0 5 g ) was 
condensed with benzoic anhydride (1 5g) and sodium benzoate (0*5g.) 
and the excess ot the anhydride decomposed by heating with alcoholic potash 
(8%, 25 c.c.) When the alcohol was distilled off under reduced pressure 
and the residue treated with water a pale yellow crystallme powder was left 
undissolved It was filtered and washed with water and crystallised from 
alcohol Though it was crystallme m appearance it did not have a sharp 
meltmg point and it gave a greenish-brown colour with alcoholic feme 
chloride Further crystallisation did not effect any improvement and the 
substance seemed to be a mixture arising probably out of partial demethyla- 
tion in the 5-posJtion during the Allan-Robmson condensation It was 
therefore methylated with dimethyl-sulphate and potassium carbonate in 
acetone medium. This product crystallised readily from ethyl acetate as 
colourless flat needles and was found to be identical with the tetramethoxy 
flavone described in the above expenment 
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3:5:6: l~Tttrahydroxy-flawne • 6-hydroxy-galangin (Xllf) : 

The 3 : 5 • 7-tnmethoxy-6-hydroxy-flavonc (0-2 g.) was demethylatcd 
by refluxing a solution of the flavonc in acetic anhydride (3 c c ) with hydnodic 
acid (d 1 7, 5 c.c ) for 2 hours The solution was then diluted to 25 c.c 
with water and saturated with sulphurdioxidc when a pale orange-yellow 
precipitate separated out It was crystallised once from alcohol and twice 
from ethyl aceUte, when the 5. 6. 7-trihydroxy-flavonol was otbained in 
the form of broken plates. It sintered at 240° and melted completely at 
251-3°. Yield, 50 mg. rFound. C, 62 5, H, 3 9. requires 

C. 62-9 and H, 3-5%] 

In alcoholic solution, the flavonol gave a dark olive green colour with 
ferric chloride. It did not exhibit any fluorescence either m alcoholic or 
sulphuric acid solution By acetylation with acetic anhydride and sodium 
acetate the acetyl derivative was prepared It crystallised from ethyl acetate 
m the form of spear-heads and melted at 186-88° with slight sintering at 
182 ° 

3.5:7: A'~Teiramethoxy^hydroxy-ftavone 

This compound was obtained by condensing <*> • 4 : 6-trimethoxy-2 : 5- 
dihydroxy-acetophenone (VQ (1 Og) with anisic anhydride (12 Og.) and 
sodium amsale (4 5 g.) AAer the hydrolysis of the condensation product, 
the alcohol was removed under reduced pressure and the residue dissolved 
in water. The dark brown solution was saturated with carbon dioxide and 
the liquid was extracted with ether exhaustively. On the removal of ether 
a pale yellow solid was obtamed It crystallised from alcohol in the form 
of pale yellow prismatic rods melting between 195-98° A second crystalli- 
sation raised the melting point to 199-200°, with slight sintering at 195° 
Yield. 0-45 g. It dissolv^ m aqueous sodium hydroxide formmg a pale 
yellow solution. With concentrate sulphuric acid it gave a yellow solution 
with no fluorescence [Found C, 63 7; H, 5 3, CkHuOv requires C, 
63-7 and H, 5 0%.] 

3 : 5 : 6 : 7 : A'-Penta-methoxy-flavone . Tangeretin (/K) 

The above tetramethoxy hydroxy-flavone (0-1 g) was methylated by 
refluxmg it m anhydrous acetone solution (30c c) with dimethyl sulphate 
(O' 5 c.c.) and anhydrous potassium carbonate (I Og.). After twelve hours, 
the solution was filtered off and the residue washed with warm acetone On 
evaporating the filtrate, a colourless crystallme material was obtained It 
crystallised from ethyl acetate m the form of rectangular plates melting at 
153-54” (Ooldsworthy and Robinson* also gave the melting point as 
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153-54’) It gave a blood red colour with concentrated nitric acid and a 
bnght orange-yellow colour with concentrated hydrodilonc acid. Yield- 
65ing [Found: C, 64 6, H, 5-7. Ct«H.,0, requires C, 64-5; and 
H, 5-4% ] 

3.5 6:1' ^'•Paitakydroxy-flavone nor^umgentbi • 

The above tetramethoxy-d-hydroxy-flavone (0-2 g.) was treated with 
hydnodic acid (d 1-7; 5c.c.) m acetic anhydride (3cc) and refluxed for 
an hour and a half There was separation of the orange-yellow hydnodide 
within an hour which caused bumping At the end of the reaction, the 
mixture was diluted with water and -saturated with sulphur dioxide The 
pale yellow solid was collected and crystallised twice from dilute acetic acid 
The pentahydroxy-flavone was obtained as light yellow tiny rhombohedral 
prisms which darkened at about 275’ and softened at 315-18°, but did not 
melt even at 325°.* Yield 0-1 g (Found C, 55 8; H, 4 0 Ci^HuO?, 
H*0 requires C, 56-3 and H, 3 8% ] Loss on drying In vacuo at 110-20°. 
4'*%. CuHjoO,, H,0 requires loss on drying 5 0%. (Found in the sample 
dried at 110-20°: C, 59 5. H. 3 7, CuH„0, reqmres'C. 59 6 and H, 3 3%.J 
In alcoholic solution, the flavonol gave a dark olive green colour with feme 
chloride Lead acetate produced an orange precipitate which after some 
hours turned green On reduction with magnesium and hydrochloric acid 
a bright pinkish red solution was obtained 

The acetyl derivative was prepared in the usual manner by boiling nor- 
tangeretm with acetic anhydride and freshly fused sodium acetate. On 
decomposmg the excess of acetic anhydride by means of water, a colourless 
crystallme compound was obtained It showed a tendency to decompose 
when crystallised from alcohol It was therefore crystallised from ethyl 
acetate when it came out as thin broken plates melting at 234-35° (Found 
C, 58 2; H, 4 3; C,5H,«0„ requires C, 58 6, and H, 3 9%.] 

3 • 5 . 7 . 3' . ^'-Pentamethoxy-6-hydroxy‘ftavone (VII) 

<u:4:6-Trimethoxy-2 5-dihydroxy-acetophcnone (VI) (1 Og.) was con- 
densed with veratric anhydride (10-3 g), and sodium veratratc (3 0 g.) and 

thebrownproducthydrolysed withalcohohcpotash(80c.c ; 10%) The residue 
obtained after removing the alcohol under reduced pressure, was dissolved 
in water and the solution saturated with carbon dioxide A dark brown 
solid was precipitated. It was filtered and when crystallised from acetw 
acid or alcohol only a brown amorphous substance could be obtained It 
was therefore rejected The filtrate was then extracted several times with 
ether From the ether extract a pale yellow crystalline solid was obtained 
on evaporation to dryness. The flavonol was crystaUised twice from alcohol 
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when it came out m the form of lens-shaped crystals which sintered at 200“, 
and finally melted at 208-10“. A third crystallisation from the same solvent 
gave a bright yellow crystalline substance which melted at 209-10° with slight 
sintering at 200“. Yield. 0 46g [Found C, 62 5, H, 5 5, CwHioO, 
requires C. 61 9 and H, 5 2% ] The substance dissolved in alcohol and 
concentrated sulphuric acid yielding yellow solutions with no fluorescence 
3 5- 6: 7 -3' A'-Hexamethoxy-ftavone Hexamethyl-quercetagetbi (VIII)- 
This compound was obtained in the usual manner by methylating the 
6-hydroxy compound (0- 1 g,) obtained m the previous experiment in an- 
hydrous acetone medium with dimethyl sulphate and anhydrous potassium 
carbonate It separated m the form of colourless shining crystals when the 
acetone solution was evaporated to dryness It was crystallised twice from 
alcohol and obtained as prismatic needles melting at 141-42“ The mixed 
melting point with an authentic sample of hcxamethyl-quercetagetin was not 
depressed (Found C. 62-7, . H. 5 6. C„H„0, requires C, 62 7 and 
H, 5 5%1 

3 5 : 6 • 7 • 3’ A'-Hexahydroxy-flavom Quercetagetln (IX) 

It was obtained by dcmethylatmg the pcntamethoxy-6-hydroxy-flavone 
With hydnodic acid (d 1 7) in the usual way On saturating the solution after 
dilution with sulphur dioxide, a pale yellow compound settled down It 
was crystallised first from alcohol and then from acetic acid The flavonol 
was now obtained in the form of short needles and plates melting at 315- 
18“ and was found to be identical with quercetagetin * [Found in air-dned 
sample C, 50 7, H, 4 3, C„H,oO„ 2H,0 requires C, 50 9 and H, 4 0] 

On acetylation in the usual manner with acetic anhydride and sodium 
acetate, the acetyl derivative was obtained which on crystallisation from 
acetic acid appeared as long rectangular plates melting at 209-10° It was 
found to be identical with acetyl quercetagetin and it did not depress the 
melting point of an authentic sample 
3 5 7 3' 4' y-Hexamethoxv-6-hydroxy-flavone 

The condensation of u> 4 6-trimethoxy-2 5-dihydroxy-acetophenone 
(VI) (1 Og.) with O-tnmethyl-gallic anhydride (10 Og) and sodium tii- 
methyd gallate (3 Og.) was made by heating the mixture at 180-185° under 
reduced pressure for 5 hours In the earlier stages of the condensation the 
mixture melted and there was considerable frothing which subsided after 
about three quarters of an hour At the end of the reaction the product was 
hydrolysed in the usual manner by refluxing with alcoholic potash (6 0 g 
m 60 c.c ) for 20 minutes. The alcohol was removed under reduced pressure 
A3 
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and the product dissolved m water On saturating with carbon dioxide an 
appreciable quantity of dark amorphous resra separated out. It was 
rejected as it did not yield any crystalline material even after repeated 
crystallisations. The filtrate was extracted with ether repeatedly and from 
the ether extract, a yellow solid was obtained. It crystallised from alcohol 
in the form of golden yellow large square plates melting at 193-4®. It 
dissolved m aqueous alkali forming a jwde yellow solution In concentrated 
sulphuric acid an orange-yellow solution was obtained which gave no 
fluorescence Yield, 0 45 g. [Found C. 60 5, H, 5 6, Ca,HnO« 
requires C, 60-3 and H, 5 3% 1 
3 5 6 7 3' 4' y-Heptamethoxy~flavone • 

Methylation of the flavonol (0-1 g) obumed in the above ejperuncnt 
was effected by means of dimethyl sulphate and anhydrous potassium 
carbonate m anhydrous acetone medium After refluxing the mixture for 
12 hours, the acetone solution was separated by filtration and the residue on 
the filter washed wi^h warm acetone On the removal of acetone by distilla- 
tion, a brown semi-soUd was obtained which deposited colourless crystals on 
adding a few drops of water When crystallised from alcohol it was obtained 
as flat needles melting at 150-51® (Found C, 61 6. H, 5 7, CmHmO, 
requires C, 6M and H, 5-6% ] 

3: 5- 6, 7 y ■. A' . S'-Hepta-hydroxy-flawne : Miydroxy-myncetin (XI f') 

The demcthylation of the hexamethyl ether (0 3 g ) was eftccted in the 
usual way by refluxing its solution in acetic anhydride with hydnodic acid 
(d, 1 7. 8 0 c c ) on an oil-bath Within the first half hour, an orange-yellow 
crystallme solid separated out which caused occasional bumping After 
two hours, the solution was diluted and then saturated with sulphur dioxide. 
An orange residue was obtained which crystallised from acetic acid in the 
form of elongated narrow rectangular plates It did not melt below 325°, 
but darkened at about 315°. Yield. 0 Ig It was sparingly soluble m 
alcohol and acetic acid and gave a dark olive green colour with ferric 
chloride m alcoholic solution. In sodium hydroxide a yellow solution was 
obtained which rapidly changed to green and then to brownish yellow after 
some hours [Found in the oven dried sample • C, 54 3, H, 3 3; CuHmO, 
requires C, 53 9 and H, 3 0% ] 

On acetylation with acetic anhydride and sodium acetate, the acetyl 
denvative was obtained. When it was crystallised from ethyl acetate it 
came out m the form of stout rectangular prisms meltuig at 248-50°. 
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Colour Reactions in Buffer Solutions 

1 . 6-Hydroxy-galmgin {XIII) (3.5:6: l-Tetrahydroxy-flavonc) • 
pH 8-6 Difficultly soluble ; colour, pale yellow slowly changing to greenish 
yellow In the course of ha!f-an-hour the solution was green 
After 24 hours, pale ycllowirfi brown. 

pH 9-8 Soluble more easily than in the previous case Bnght yellow solu- 
tion, within 5 minutes greenish yellow and green in 30 minutes 
After an hour bright green After 24 hours pale yellowish brown 
pH 11 ‘0 Same as above 

pH 12-2 Immediately bnght yellow, rapidly changed into green In a 
minute bright green. After 5 minutes green Afterwards the 
colour became paler After an hour, the solution was pure 
green and after 24 hours pale yellowish brown 
pH 13 4 Bright yellow changing to green rapidly In a minute bnght 
green After 5 minutes, bluish green slowly fading Witto 
about half-an-hour it was pale green After 24 hours pale 
yellowish brown 

2 Nor-tangerem (3 5 6 7 A'-pentahydroxy-ftayone) • 

pH 8 6 Sparingly soluble, colour pale yellow turning green, within 15 
minutes deep green Afterwards the colour began to fade 
with simultaneous development of brown colour After 24 
hours, pale brown 

pH 9 8 Rapidly went into solution with deep yellow colour turning within 
two mmutes greemsh yellow. Deep green aftei ten mmutes 
and then began to fade After 24 hours pale brown 
pH 11 - 0 Deep yellow, fast changing to greemsh yellow. In a few mmutes 
deep green After about ten minutes the colour began to fade 
while turning brown After an hour, brownish green After 
24 hours pale brown 

pH 12 2 Same as above but the colour changes were more rapid and within 
fifteen minutes the solution became almost colourless and did not 
change even after 24 hours 

3 (fHydroxy-myncetm (XIV) O 5 6 7 '3' 4' i'-Hepta-hydroxy-flavone\ . 
pH 8 6 Bright yellow solution rapidly changing into green Within 2 

minutes yellowish green After 5 minutes turning brown and 
10 minutes yellowish brown No change after an hour After 
24 hours, reddish brown. 
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pH 9 8 In the course of 5 minutes, the solution rapidly changed through 
greenish yellow to brown which did not change appreciably 
afterwards. After 24 hours, reddish brown 
pH 11 0 Same as above. 
pH 11 6 Same as above 

pH 12 2 Deep yellow rapidly turning green and within a minute deep 
bluish green In another minute, violet brown. After five 
minutes tl became brown After half-an-hour, reddish brown 
which practically remained unchanged even after 24 hours. 
pH 12 8 Same as above without much difference 

pH 13 4 Same as above but the solution did not become bluish green 
but changed rapidly in the course of a minute from yellow, 
through green to brown After 24 hours, it was reddish yellow 
A similar study of quercetagetin has already been recorded.* The 
initial colour m all these cases is yellow turning to green as the most promi- 
nent colour which Anally yields place to brown. With the increasing number 
of hydroxyls m the side-phenyl nucleus the green has a tendency to become 
deeper and assume a bluish tinge and the Ana! colour changes from yellowish 
brown through brown to reddish brown The brown colour is most prominent 
in the highest member. 

Summary 

A new and convenient synthesis of the Aavonols of the quercetagetin senes 
IS described <u 4 6-Trimcthoxy-phloro-acetophenone has been prepared 
by two independent methods. By persulphate oxidation it is converted into 
the 2 • 5-dihydroxy compound Allan-Robinson condensation employing 
this ketone yields products containing a hydroxyl group m the 6-position 
Subsequent demethylation and mcthylation yields the Aavonols and their 
fully methylated ethers. Besides quercetagetin and ungeretm which occur 
in nature, 6-hydroxy galangm and 6-hydroxy myncetin which have not yet 
been discovert in natural products, have also been synthesised. 
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The present investigation was planned with a view of determining, if possible, 
at what point in the cross-section of a parallel tube through which water 
flows with stream-line motion, this motion first breaks down and becomes 
turbulent as the velocity is increased. 

It was thought that this information might be of value as possibly 
affording some indication of the reason for the change from stream-line to 
turbulent motion at the critical velocity 

The Apparatus 

The apparatus used m the tests was a modification of that on which 
Osborne Reynolds carried out his classical experiments on critical velocities 
It consists of a large glass-sided tank 5-lOi' long by 18' wide, fitted with 
bafiles for steadying the flow from the inlet pipe, from which water was 
allowed to flow through a glass tube The rate of flow was regulated by a 
valve at the outlet from the tube The inlet end of the tube was fitted with 
a carefully finished bell mouthpiece 

The motion m the tube was made visible by a colour band cf aniline dye, 
supplied from a tank and discharged through a fine capillary tube at the 
entrance to the bell mouthpiece The position of this capillary tube could 
be regulated with precision both in a horizontal and a vertical direction by 
means of adjusting screens on its earner. 

At the point of observation of the coloured filament, the tube was 
enclosed in a glass-sided box, having vertical sides of parallel plate glass 
The box had an open top and was filled with water 

In order to obtain the distance of the filament from the centre of the 
tube, a graduated scale was mounted on the vertical glass front of the box 
surrounding the tube, and a sunilar scale in the same plane across the open 
top of the box. 
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Above the box a plane mirror wa» mounted at 45* to the horizontal. 
For observing the filament, two telescopes were mounted horizontally, 
one above the other, m the same vertical plane, the plane containing the 
graduated scales. The upper one was focussed on the scale and on the fila- 
ment, which was observed from above through the mirror, while the lower 
one was focussed on the filament as seen through the side of the box. 

In this way the position of the filament at the section in question, with 
reference to each of the scales, and therefore with reference to the axis of 
the tube was obtained 

In order to correct for refraction, a thm graduated scale was made to 
fit the internal diameter of the tube. This was mserted into the tube, which 
was filled With water as when carrymg out an expenment, and the readings 
of the internal and external scales were compared over the whole radius. 
The experiments wore carried out on tubes of four diameters, lir., 0-5'; 
1‘0'; 125': and 1-5' 

Method of CARRtntNO out Experiments 
In carrymg out an expenment the supply tank was filled and allowed to 
stand for some time m order to allow any mitial disturbance of the water 
to die out. Some definite cross-section of the tube, at which to take observa- 
uons, was then selected and the telescopes and gauges were brought mto 
this plane. The outlet valve was then slightly opened and the rate of flow 
of the dye was regulated so as to give a fine colour band 

The openmg of the outlet valve was then gradually mcreased until a slight 
flicker of the colour band was noticed near the outlet end of the tube This 
indicates that the velocity was approaching the critical value. 

A very slight increase m the velocity caused definite but intermittent 
breakdown into eddy formaUon at the end of the tube A further slight 
increase in the velocity caused the eddies to become permanent and brought 
the point of breakdown nearer to the tube entrance. In this way by 
adjusting the velocity the point of breakdown with the filament at any 
required radius, could be brought into the plane of observation 

The exact radial position of the filament at this section was then observed 
and recoroed, after which the mean velocity in the tube was determined by 
observing the time for the level in the supply tank to fall throu^ a given 
jlutanw' when discharging under the same bead with the inlet valve closed. 
The inverse of this tune was proportional to the mean velocity of flow With 
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etch tube tbc cxpenmcnu were earned out for a reries of radial positions of 
the filament, extending from the centre to a point near the Walls. 

EXPeUMENTAL DaTA 

(1) Experiment* on tiAe 1-5' tBameW.—Tias tube was 5 0' long and 
the observations were made at a point distant 2-0 ft. from the inkt end. 

The coordinates of the centre of the tube on the horizontal and vertical . 
scale were’ 

Horizontal scale 4-38' 

Vertical „ 1‘32' 

The following table, which represents a typical set of observations, shows 
the horizontal and vertical co-ordinates of the filament at the instant of break- 
down, Its radial distance from the centre of the tube, and the corresponduig 
time for the level m tbc supply tank to fall througn a distance of 1 inch. 



These times arc plotted on a base showing the distance from the centre of 
the tube of the corre^nding filament. From this it will be seen that as 
the distance of the filament from the centre of the tube increases, the 
velocity of flow necessary to produce break-down into turbulent motion 
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dinunishci and attains a minimum value at a radius of approximately 0 5' 
after which it mcrcases with a further increase in radius 

This indicates that when, owing to mcreasmg the velocity motion is 
inaHi» to break down at this section, the breakdown first occurs at a radius 
of approximately 0 475, or at a distance from the centre equal to 0 63 of 
the radius of the tubs. 

(2) Experiments on tube 1 25* diameter . tube was 4-33' long 
and the observations were made at a point distant 2 5' from the inlet end 
The co-ordmates of the centre of the tube were. 

Horizontal scale . . 2 48' 

Vertical „ 4-87' 

The following table shows a set of experimental observations on the 

tube 



As in the tests on the 1 5" tube, the velocity necessary to cause break- 
down at this section diminishes with the distance of the filament from the 
centre of the tube and attains a minimum at a radius of 0 37' or O' 595 
of the radius of the tube, afterwards increasing as the radius of the filament 
IS increased 4 

(3) Esqperiments on tube 1 0’ diameter.— In order, if possible, to ensure 
that the position of the radius at which breakdown first occurs should not 
be affected b> the stabilising effect of the bell-mouthed entrance to the tube, 
a larger tube— 10' in length— was obtained for the second senes of experi* 
menu This tube was 1 '0' in diameter, and the observations were made 
at a section distant 5 O' or sixty pipe diameters from the inlet. 
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The co-ordinates of the centre of this tube were • 

Horizontal scale . ■ 4 'OS' 

Vertical „ - 1 

The following table shows a typical set of experimental observations 
on this tube. 

Experiments on i' tube. Length 10' 

Co-ordinates of Centre (I 66 4 08) 



It Will be seen that, as in the tests on the 1 5’ tube, the velocity necessaiy 
to cause breakdown at this section diminishes with the distance of the fila- 
ment from the centre of the tube, and attains a minimum at a point whose 
radius (0 33') is 0 66 of the radius of the tube, afterwards increasing 
with an increase m the radius. 

(4) Experiments on tube 0 5' diameter —This tube was 7 0' long, and 
observations were made m this case at three sections, Section A was at 
a distance of 19' from the entrance. Section B, 43' from the entrance; 
and Section C, 72' from the entrance 

The expenmental data are shown in the followmg tables 
On comparing these, it appears that the radius of the tube at which the 
minimum velocity is required to cause breakdown is sensibly the same in 
each case, namely, 0 165' or 0 66 of the radius of the tube. 

The mean velocities required to cause this breakdown, however, dimi- 
nish very appreciably with the distance from the entrance If the velocity 
required to breakdown at Section C be taken as unity, that at Section B is 
M7, and that at Section A is J-91. 
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Section A 

Distance 1-7' from entrance 



Section B 

Ceotr* co-o«Ui»t«t (3**75 0*935) 


Podtioo ColMT Btod TIm«(8«c».) 



This u due to the stabilising effect of the beU>mouth entrance, which u 
evidently stm slightly felt at Section B which is W tube diameters from the 
entrance. 
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Sectkm* C 

Tdcen at 6' from entrance 
Cantre nvonliiiatas (3 •S9 92) 



Careful measurements of the diameter of this 0-5' tube showed that 
It varies slightly, to the extent of 0 06' in its length of 7'. The experi- 
ments already described had been earned out with the smaller end at the 
entrance, and m order to determine the effect of this, the tube was reversed 
and the expenmeot repeated, observations being made at a point (Section D) 
corresponding to Section C, U., 72 ms from the entrarce. 

The results of this experiment arc shown m the following table. 

Section D 
{Tube reversed) 

Taken at 6' from the entrance end 
Centre co-orJinntes (3-86 -973) 
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The results show that while the radius of maximum instabibty is at the 
same point as before (at 0 66 of the radius of the tube) the velocity 
necessary to cause breakdown at this radius is 1 5 times as great as witn 
flow in the opposite direction 

Ratio ot VEtoariBS Required to Cause Breakdown of 
MonoN AT Centre and at Radius op Maximum 
Instability 


From the various graphs, the ratio of the velocities required to cause 
breakdovm of the motion at the radius of maximum instability and at the 
centre, can be obtained These are as follows 



These figures show that this ratio is greatly affected by the proximity to the 
bell-mouthpiece On the whole, it would appear that the ratio increases 
slightly as the pipe diameter is decreased 


Critical Velooty near the Wall op a Tube 

In the experiments an observation very near the wall of the tube was 
found to be very difficult If the tube supplying the colour band was so 
adjusted that the colour band was very near the wall, it almost invariably 
touched the wall before observations could be made, and remain ;d m con- 
tact with the wall 

If, however, the curves be produced to a radius corresponding to that 
of the respective tubes, it appears that the velocity required to produce 
breakdown of motion near the wall is much greater than that required at 
any other point m the cross-section Taking the curves as a whole, it appears 
that the critical velocity is the same as at the centre, at a point whose radius 
IS approxunately 0 85 of the radius of the tube 

Conclusons and Deduchions 

All the experintents indicate that when breakdown of motion initially 
streamline mto turbulent motion occurs dunng flow through a tube, the 
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breakdown first occurs at a distance from the centre of the pipe, the experi- 
mental values ranging from 0 60 to 0 67 m the different tubes. From this 
point the turbutenca spread inwards to the centre and outwards to the walls 
The e\act reason for the breakdown or the mechanism producing it is 
not as yet understood It is known to be due to the presence of the pipe 
walls, and to be independent of the roughness of the walls so long as the 
roughness is small It is not due to the attainment of a limiting shear stress 
in ie fluid, since stream-line motion is possible in a small tube with shear 
stresses much greater than that obtaining at the critical velocity in a larger 
tube 

An examination of the problem in the light of t.ie experimental data 
of the present mvestigation. suggests that the breakdown may be related 
to the rate of variation of energy across a diameter of the tube Since the 
pressure across a section of a parallel tube in which the flow is stream-line 
IS constant, the rate of variation of the .nergy per unit mass along a radius 
IS the same as tne rate of change of the kinetic energy and therefore of v* 
Assuming that some slig»it deviation of the particles from hnear axial 
flow to be produced in any way, this will have its maximum disturbing effect 
It if occurs at a radius where the radial rate of change of energy is a maximum 
dv* 

and therefore where is a maximum 

But in stream-line flow through a tube of radius a, 

V cc (a* - r*) 

« (a* - r*lr 


which IS a maxunum when r 


" Vi 


- 0 58o 


It IS suggestive that this is very nearly the radius at which breakdown 
occurred in the experiments. The fact that the expenmental value is some- 
what greater than this is possibly due to the fact that in a tube whose walls 
are not perfectly smooth, those filaments nearest the walls suffer some slight 
lateral displacement due to the roughness, and thereby suffer a reduction in 
stability causing breakdown to occur somewhat nearer the walls than would 
be the case in an ideally smooth tube That this is a possible explanation 
IS indicated by the fact that the radius of pnmary breakdown m the experi- 
ments was smallest in the two larger tubes, having a mean value of 0-615 a 
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6auh of alt the tubes was as nearly as could be determined the same; ttte 
relative rou^ness would be smaller in the larger tubes. 

It IS to be noted that at the radius («/ VS), the value of ^ is proportional 
to a* ^ where ^ is the pressure drop per unit length of the tube 

But m the similar tubes the product a®, where e is the mean velocity, 
is constant at the critical velocity, while 
stant at the critical velocity in tubes of different diameter 

From this it would appear that in any tube the breakdown from stream- 
line to turbulent motion, occurs when the gradient of energy along the radius 
exceeds a certain definite value, and that this factor is the criterion of suet 
a breakdown 



EFFECT OF SURFACE-ACTIVE AGENTS ON 
INDICATORSt 
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RKCived Octobir 31. 1943 
lOTROOUCnON 

It is known that surface-active substances influence the determination of pH 
wh>.n earned out by the mdicator method South and Jones’ found tnat the 
presence of commervial wetting agents (Oardmol CA and Gardinol WA) 
often caused an error of more than one unit in pH when the common indi- 
cators are employed in the measurement. Hartley* made an extensive 
qualitative study of the phenomenon employing parafifin chain salts and 
found that the order of magnitude of the influence could be correlated with 
the valence change in indicators accompanying the colour change. In a 
recent paper, Hartley and Roe* have attempted to correlate the observed 
displacement of pH with the cataphoretic mobility of the micelles of the 
paraffin chain salts. The object of the present work is to study the cflTect 
quantitatively with a view to eluadate the phenomenon. 

ExpBRwmfrAi. 

The surface active substances used in the present work arc Nckal BX 
(sodium di-alkyl naphthalene sulphonate) and Igepon T (sodium salt oi 
olcyl'N-nwthyltaurine) Nekal BX wai" purified by the method described 
previouly.* Igepon T was purified by a sinular method using ethyl alcohol 
as the solvent The product was dried m vacuum at 80" C. to 90“ C. as it 
mdted when dried at jOO" C 

The indicators employed were thymol blue and bromphenol blue 
supplied by the Hellige Company along with their comparator. 0-04 per 
cent, solutions were prepared by dissolving the sohd indicators m the requisite 
quantity of alkali and making up with water* 

The Hellige comparator was found to be unsuitable for the present work. 
Apart from the method being approximate (correct only to 0-2 unit) it was 
found impossible to match the colour of the test solution against any of the 

t Psrt of Thwi* (ubmltted by T. K In panist niUlnsMt of the iequir«neati for the lieares 
cIMaster of Saaoet in the Unlvenlty of Mysore. 

* Physicsl Chemitt, Imperlsl IniUtute of Su|tr Teduolofy, Cswopon 

1 Hwd of Uw Dfl*rtini« of ChwiJttry, Ontrsl CoUefs, Bsmtlore. 
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djscs, when the wetting agent was present. For, the wetting agent is tonnd 
to influence the light absorption characUnstics of the indicators. The 
Hellige colorimeter was therefore employed for determining the ratio of 
the concentration of basic form to that of the acid form present in the test 
solution The apparent pH was calculated therefrom by means of the cqua- 
Uon pH » pK + log Th* standards used for such companson 

alwsys contained the wetting agent in the same concentration as in the test 
solution thus compensating for the change in the absorption characteristics 
By taking this precaution excellent matching could always be obtained. 
With bromphenol blue colour matching was not so good. Ihe standards 
used were of the foUow.ng compc-sition. — 

Standards for thymol blue— 

Add standard —The solution was made up from: 

(a) 0 5 cc of the stock solution of the indicator 
(h) 1 0 c c of 2 N hydrochloric acid solution 

(c) Wettmg agent in quantities to give the same concentration as 

in test solution. And 

(d) Water to make up to 10 c.c 
Bask standard 

(a) O'S cc. of the stock solution of the indicator. 

(b) Acetate buffer of pH 4 7 havmg sodium acetate concentration 

0-2 N. 

(c) Sufficient amount of wettmg agent to give the same concentra- 

tion as m test solution. And 
(n) Water to make up to 10 c.c. 

Standards for bromphenol blue — 

Acid standard : — 

(a) 0-5 c.c. of the stock solution of the indicator 
(h) 1 c c of 2 N hydfochlonc acid solution. 

(c) Wetting agent m quardities to give the same concentration as 

in the test solution And 

(d) Water to make up to 10 c c 
Basic standard • — 

(a) 0-5 C.C of the stock solution of the indicator 
(h) 5 c c. of N sodium acetate. 

(c) Wetting agent in quantities to give the same concentration as 

in the test solution. And 

(d) Water to make \q» to 10 c.c, 
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Test solutions were prepared as follows 

(a) 0 S c c of the stotk solution of the indicator 

(b) Sodium acetate and hjdrtcMonc acid in quantities to give a pH 

in the woiking range of the indicator ana ionic strength of 
either 0 1 or 0 01 as required. 

(c) Wetting agent in quantities to get a required concentration 
And (ct) Water to make up to 10 c c. 

The Sorenson values of the test solutions were determined by the 
qumhydrone methoo. The results obtained arc given m Tables I to VIII 
In measuring the apparent pH values the adjustments with the colori- 
meter could be made correct to about 0 03 umt in the sensitive range Tbe 
qidnhydrone and the indicator metLods gave slightly different values for buffered 
solutions and so an appropriate correction was applied in arriving a/ /Ac - A pH 
values given in the tables 

TABtB I 


Wetliag agent Igepon T Indicator Thymol Blue Ionic strength of buffer 0 01 



Table II 

Wetting agent Igepon T Indicator Thymol Blue Ionic strength of buffer ■= 1 
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Table m 


Wettin* aamt laspoa T. Indicator BrompheooJ Blue. Ionic itiength of buffer - 0«01 



Table IV 

Wetting agent {gepon T Indicator Brompbenol Blue Ionic strength of bnfler ^0>l. 



Table V 


Wetting agent ’ Nekal BX. Indicator Thymol Blue Ionic strength of buffiBr » 0 -01 




kjjfut of Surfau-AcHv4 AgaUs on induaiors 
Tabu VI 

W«ttin|»init NokalBX. Indicator . Thymol Blue. looiciowiglh of boffer - 0.| 



Tablb VU 

Wotting tgont Nekal BX Indicator Bromphenol Blue Ionic strength of buflfcr - 0 -01 



Table vm 


Wotting agent ■ Nekal BX Indicator Bromphenol Blue Ionic strength of bufihrO-l 



Discuwon 


1. Tht mechanism of displacement of pH —After making an extensive 
qualitative study of the eiiect of a few parafiBn chain salts on a number o. 
indicators. Hartley has suggested that the observed displacement of pH is 
due to the preferential adsorption of one of the forms of the dye on paraffin 
chain salt micelles. Indication of pH by a dye u dependent on the equilibrium 
between the two forms of the dye differing m valence. The equilibrium ratio 
of the two forms is determined by the pH of the solution. The acid form 
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of the dye is produced by the union between the basic fonn and the bydrogert 
ion. The valence of the acid form is therefore higher algebraically than the 
valence of the basic form The various possible types of valence for the two 
forms arc.— 

I. Both forms positively charged, 

II. Acid form positively charged, basic form uncharged; 

III Acid form uncharged, basic form negatively charged; And 
IV. Both forms negatively charged 
The surface active substances can also be divided into the different 
classes acooiding to the charge possessed by their micelles in solution When 
an indicator is added to a solution containing a surface-active agent, there is a 
possibility that the micelles of the latter may preferentially adsorb one of the 
foims of the ind.cator Normally cationic micelle, however, would net take 
up any of the indicator of type I and anionic micelle would not adsorb any 
of the indicator of type IV owing to electrical repulsion ; m these cases there- 
fore, the surface-active substance would not affect the determination of pH 
This forms the basis of the sign rule of Hartley * In the other cases, there 
would be a preferential adsorption of one of the forms of the indicator 
Owing to the influence of the electric forces, the acid form which has a higher 
positive charge (or a lower negative charge) would be preferentially taken 
up by an anionic micelle The equilibnuro between two forms W’Ould be 
conseqvicntly displaced, there being a shift towards the acid side. This 
results in the indication of lower pH A catiomc micelle would behave in 
the opposite way causing an apparent increase in pH 

In a later paper. Hartley has put forth another mechanism for explaining 
the displacement of pH brought about by paraffin chain salts when 
diphenylazo-o-nitrophenol is used as indicator In this case both the 
forms are almost completely adsorbed by the paraffin chain micelles, 1 he 
micelle being negatively charged has in its immediate neighbourhood a high 
concentration of H+ ions. The indicator therefore finds itself m a region 
of low pH, The pH indivated therefore is low and gives an idea of H+ ion 
concentration near the surface of the micelles. Hartley has shown that there 
IS an approximate correlation between the xeta potential of the micelle got 
from mobility measurements and that calculated from mdicator expiriments. 

A complete picture of the phenomenon however ^.an only be got by 
combining both the ideas put forth by Hartley and the following aetailed 
mechanism is therefore proposed in the present paper The usual indicators 
are am p ht paihic substances naviog both a hydrophobic and hydrophilic 
poitioo in the molecule. The surface-active agents arc also amphipathic 
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by nature When both these types of molecules are present in solution 
there IS a tendency for complex formation The complex formation is brought 
about by the union of hydrophobic portion of the indicator with the hydro- 
phobic portion of the molecules or micelles of the surface-active substances, 
nic proportion of the acid and the basic forms of the indicator present m 
the complex would be controlled by (a) the local H+ ion concentration near 
the indicator ion and (i) the relative life of the two types of the complexes 
Due to the difference in the electrical charge associated with the two forms 
of the indicator, one of the forms may produce a much stabler complex than 
the other. It is to be pointed out that both the factors act in the same direc- 
tion in any particular system A careful study of these factors reveals that 
a quantitative formulation including these two factors is best done by apply - 
mg the law of mass action on the basis of activities Smcc, however, the 
activity coeffiaents are not available for the complicated molecules or mic’elles 
dealt with in the present work it is sunpler to formulate, employing the con- 
centration terms, and discuss qualitatively the effect of the activity coefficients. 

The quantitative aspect of the problem may now be considered In 
a solution contaming the indicator and the surface-active agent, we have 
(1) the acid form of the mdicatof, H In (2) the basic form of the indicator 
In - (3) the complex between the acid form of the indicator and the surface 
active ion H In. .W- And (4) the complex between the basic form of the 
indicator and the surface-active substance In '. .W" These are m equi- 

librium, If activity coefficients arc not taken ir to account and if the mfluence 
of micelle formation is assumed to be negligible, the followmg relationship 
can be formulated The theory would bo applicable to the region wherein 
micelle formation docs not set in <>r m cases where micelle formation would 
not effect the general behaviour of the system. Let the total concentration 
of the indicator be c, Let a fraction a be in the free basic form and a frac- 
tion ^ m the free acid form Applymg the law of mass action to complex 
formation, we get 

[In.. o{cw-(In- W"]} 

where ki is a constant. 

Similarly, 


where kt is a constant. If x and y are the true and apparent pH values res- 
pectively, we get, 
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kiC,ac„- 


1 + 


and 


^ [Wettin^g agent— basic form complex] 
tPree wetting agent] 
[Welling agent— acid fonri complex] 
«» C P - jprjje wettjhg agent] 


These quantities are small as compared with unity since only a small 
fraction of wetting agent forms the comp’ex Thus, equation (1) gets 
reduced to, 

1 + Ar,c, (2) 


A lAo. 


2 Thymol Blue-Igepon T system —(i) The data obtained with the 
Igepon T-thymol blue system, are found to be in very good agreement with 
the above theory, as can be seen from Tables I and II Equation (2) has 
been used for calculating the theoretical values The values of ki and 
have been determined by making use of two of the experimental values of 
the pH shift 

Apart from the fact that the experimental values can be fitted mto'tbe 
equation, it is to be pointed out that there are other interesting features tn 
the expcnmenial data to show that the theory adequately accounts for the 
experimental results — 

fgepon T being a sulphonaU. gives a surface-active ion which is negatively 
charged The indicator thymol blue m the acid range has the basic form 
negatively charged and the acid form uncharged The acid form conse- 
quently gives rise to a stabler complex Moreover, owing to the Debye 
effect tn. negative surface-active ion induces a high local concentration (rf 
H+ ions in the neighbourhood of the complex Thus the proportion of 
acid form in the complex would be very high. In equation 3 therefore *, 
would be much smaller than fc. This is found to be the case. 


(0 01 N bufier 2 8 , t, •« 968, 
0 1 N buffer ^ 19, k* > = 706) 
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00 At sufficiently high concentrations of the wetting agent, complex 
formation may be more or less complete, and consequently the pH shift 
would be practically independent of concentration This has been found 
to be the case 

(ill) At low values for A:,c„, equation 3 becomes, 

- A pH = logjo (1 + A:, cj (3) 

It can be deduced from equation 3 that if a pH shift of 0-3 is proouced 
by a certain concentration Cj of the wetting agent (a) a shift of 1-0 unit 
would be produced by a concentration 9 Cj and (b) a shift of 2 0 units would 
be brought about by a concentration 99 t. These conclusions hold within 
the limits of the experimental error in the expenmenu with 0 01 N buffer 
solutions With 0 1 N buffer solutions also the relation (a) is satisfied 
The relation (it is not obeyed since ki c«, becomes comparable with umty 
when Cw is equal to 99 c, 

3, The bromphenol btue-Igepon T system —It is known that the acid 
form of bromphenol blue has a smgle negative charge while the basic form 
has a double negative charge According to Hartley, there should be no 
shift in pH with this indicator, when a surface-active substance of the type 
of Igopon T (which has a surface-active anion) is added • Hartley based 
his conclusions on the idea that complexes between like charged molecules 
was unprobable But, the experiments recorded in this paper show that 
there is a considerable displacement of pH in the present case This shows 
that in spite of the clectncal repulsion between like charged moltfcules, 
coosplex formation between them does occur owing to the strong attractive 
forcts between the hydrophobic portion of the wetting agent ion and that 
of the mdicator ion. It may, however, be expected that complex formation 
would be relatively low , this would be especially tnic of the basic form which 
bears two negative charges One may therefore apply equation 3 which 
corresponds to the existence of the complex only with the acid form The 
calculated values of - A pH on the basis of this equation and the corres- 
ponding experimental values are given in Tables III and IV. An examina- 
tion of the tables shows that the expenmental data support the theory. The 
other mteresting features which support the thocry are’— 

(a) The values of Jfc, for bromphenol blue are much lower than the 
corresponding values for thymol blue showing that co.-nplex formation is 
much less m the former case. This is but to be expected smee the acid form 
of the fwmer indicator which forms the complex is negatively charged, 
whereas that of the latter mdicator is uncharged. 



S6 T. Krishnappa and others 

(ft) For the reason indicated above, the complex formation with broirt- 
phenol blue may be expected to be incomplete even at very high concentra- 
tion of the wetting agent This is in agreement with the experimental data 

(c) The conclusions drawn from equation 3 for thymol blue, also hold 
for bromphenol blue The concentration of wetting agent required to effect 
a shift of unity in pH is about 9 times the conccnuation required to cause a 
shift of 0-3 unit 

(d) The shift in pH is found to be practically independent of indicator 
concentration 

4 Effeit of tome strength on the pH shift —A comparison of tables 
I and II shows that an increase m ionic strength diminishes the pH shift m 
the case of thymol blue At lower concentrations of wetting agent, the effect 
of salts IS small whereas it becomes considerable at high concentrations 
The effect can be quantitatively treated on lines similar to the treatment 
of neutral salt effect in reaction kinetics* The exact magnitude of 
the effect however cannot be calculated since the value of ft in the equation, 
of Bronsted* is not known for the diflerennt molecules Due to the 
“ a terms ”, however (which correspond to the zeta potential effect of 
Hartley) fci would increase whereas k, would be unaffected Experimen- 
tally this is found to be approximately the case. This explains, in fact, why 
at low concentrations of the wettmg agent (where does not enter the 
equation), the effect of lomc strength is small It is of interest to note that 
kf does decrease to some extent with increase of ionic strength This 
decrease of the value of k* shows that the life of the complex from the acM 
form of the indicator is appreciably decreased by mcrease in the kmic 
strength. This is sgmewhat surprismg since the acid form of<hymol blue i® 
known to be uncharged (from the simple theory of the neutral salt effect) 
and should not be affected by ionic strength It is to be noted however that 
the acid form of the mdicator has a “ Zwittcnon ” constitution and the 
observed effect only shows that the wetting agent ion is nearer to the positive 
charge of the “ Zwittenon *’ than to the negative charge, this is but to be 
expected in view of the flexible nature of the hydrocarbon chain m Igcpon T, 
which would help the orientation of its charged end to a position of mini- 
mum potential energy 

At high concentrations of Igepon T where the complex foflnation is 
more or less complete, a change of ionic strength from 0-034 (in 1 per cent, 
solution of Igepon T in 0 01 N buffer) to 0-12 (m 1 per cent, solution of 
Igcpon T in 0 1 N buffer), decreases the pH shift by about 0-6 unit. It is 
of interest to note that this corresponds very nearly to the effect of ionic 
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strength (c^. 0-55 unit) observed by Hartley in the system investigated by 
him (indicator; diphenylazo-o-nitrophenol ; surface-active substance: 
triethanol-ammonium cetane sulphonate) This shows that the changes in 
potential in the neighbourhood of the complex brought about by salts arc 
almost the same m the two systems 

A few expenments were tried with a view to get the maximum possible 
pH shift. It was possible to get as high a shift as 2 4 units by having the 
wetting agents at a concentration of 0-2 per cent m water and adjustmg 
the pH to 4 2 (quinhydrone electrode) by adding acetic acid. 

With bromphenol blue, increase in ionic strength increases the pH shift. 
This surprising feature is just the opposite of what has been observed in the 
present work with thymol blue and by Hartley and Roc with diphenylazo- 
o-mtrophenol. This effect can be explained as follows —As is already 
pointed out, the basic forms of the indicator which bears two negative 
charges, does not form any complex at all due to strong electncal repu’-ion. 
Increase of ionic strength no doubt decreases electrical repulsion; bu^ the 
repulsion is yet too strong (at ionic strength 0- 1) for any complex forma- 
tion Thus the basic form does not play any role in bringing about the 
observed effect For the same reason the observed pH changes are entirely 
determined by and follow equation (4) Complex formation of the acid 
form of the mdicator however, is enhanced by the increase in ionic strength 
due to diminution in the electrical repulsion and thus causes the observed 
effect 

5. Nekal BX-Thymol Blue .System -An examination of the daU m 
Tables 5 and 6 shows that the theory worked out for Igepon T is not applicable 
to the present system In the present case there is a certain concentration 
of the wetting agent at which the pH shift begms to increase considerably 
with concentration. This concentration value is 0-2 to 0 3 per cent, with 
O’Ol N bufffcr and 0 04 to 0 08 per cent with 0 I N buffer. There is a 
striking coincidence between these values and the micelle formation con- 
centrations got from surface tension studies* (rfe , 0 07 per cent inO-lN 
buffer and 0 27 per cent in 0 01 N buffer) In this system the micelles 
appear to be much more effective than the single molecules in bringing about 
the pH shift. The complex formation is not as strong as with Igepon T 
since Nekal BX is relatively a short molecule and the electrical repulsion 
between the two negatively charged portions in the complex is consequently 
strtmg. 

6. Nekal BX-Broinpheml Blue System.— The displacement of pH in 
the above system is very small This is to be expected for (a) Nekal BX 
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a short molecule and hence electrical repulsive forces would be strong 
rendering the complex relatively unstable and (b) bromphenol blue having 
both the forms negatively charged would not be taken up by the wetting 
agent to any large extent Since the shift is very small, no discussion of 
the quantitative aspect is possible It may, however, be pointed out that 
the shift IS marked, only at concentrations higher than at which micelle 
formation has occurred. 

7. Wetting power and pH shift. —Since wetting action and the pH shift 
both mvolve the union of hydrophobic portions, it may be expected that 
there should be a general correlation between pH shift and wetting power 
An extensive investigation is desirable from this pomt of view The observa- 
tions in the present work show that Igepon T is a much better wetting agent 
than Nekal BX, a conclusion which j» also supported by surface tension 
studies*. 

Summary 

1. There is an apparent shift towards the acid side m the pH of 
buffered solutions as measured by the use of the indicators, thymol blue and 
bromphenol blue when wetting agents like Igepon T and Nekal BX arc 
present in the system 

2 Igepon T shows a very large shift with thymol blue. Under favour- 
able conditions the shift may be as large as 2-4 units, an effect much bigger 
than what has been reported m literature so far for any system; Nekal BX 
shows less of the pH shift Both the wetting agents affect bromphenol blue 
to a smaller extent 

3, A quantitative investigation of the phenomenon has been made 
A theory has been put forth, based on the formation of a complex between 
the wettmg agent and the indicator to account quantitatively for the effect 
of concentration of the wetting agent on the pH shift. 

4 Igepon T shows a marked shift with bromphenol blue as well 
This forms a clear exception to the sign rule of Hartley. 

5 Increase in ionic strength decreases the pH shift with thymol blue 
as It IS the case with the system worked by Hartley and Roe When brom- 
phenol blue is used neutral salts produce an opposite effect An explanation 
IS offered which account for these diverse results 

6. The variation of pH shift with concentration of Nekal BX with 
thymol blue indicates that miceUe formation of the wetting agent occurs 
anther suddenly. 
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7 The possible relationship between the pH shift and wetting power 
is pointed out 
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CONSTITUTION OF KANUGIN-PART II 

By S Rajaqopalan, S Rangaswami. K. Visweswara Rao 
AND T R. Sbshadri 

, (F>1/III the DeparlMtnl of CJumlttry, Andhra Vtdverslty) 

Rec«ived December 29, 1945 

In Part 1‘ were desenbed certain earlier experiments which conJd not be 
continued due to the war and the dislocation of our laboratories. It was, 
however, shown that kanugin is a flavone derivative giving the characteristic 
colour reactions and that it has a resorcinol unit since it yielded p-methoxy- 
salicylic acid on oxidation with permanganate or decomposition with alkali. 
The reaction with hydriodic acid could not be explained as simple demethyla* 
tion since nor-kanugm did not regenerate kanugin on re«methylation but 
yielded a different substance Further work has now been possible and 
particulars regarding the complete constitution of kanugin arc described in 
this paper. 

Subsequent to our last publication it has been found that in the root 
bark of Pongamia glakra kanugin is accompanied by another related sub- 
stance and careful and repeated crystallisation is necessary in order to remove 
it and obtain kanugin quite pure The second component seems to be mote 
in abundance m thicker and more mature roots that have been used in later 
work. Consequent on this thorough purification, the melting point of 
kanugm has been raised to 203-05® and its analysis is found to agree more 
closely with the formula CiaHi.O;. Further with concentrated sulphuric 
acid and a crystal of gallic acid it gives a bright green colour characteristic 
of a methylene-dioxy grouping. 

Degradation with alkali has been investigated in detail. A repetition 
of the fission of kanugin with aqueous potash has yielded two acid products 
which could be separattd by means of their marked difference in soiubihty 
in water. The less soluble one is identified as mynsticic acid by analysis, 
colour reaction, and by comparison with an authentic sample prepared 
starting from oil of nutmeg. The more soluble portion is found to be the 
same as the impure form of />-mcthoxy-salicylic acid mentioned in Part I. 
This identification has been confirmed by the convertion of the product 
into the 5-bromo-denvalivc and subsequent esterification to form the methyl 
ester of 5-bromo-4-mv-thoxy-salicyhc acid These derivatives could be 
easily obtained pure since they are sparingly soluble, and they arc found to 
be identical with authentic samples prepared from synthetic 4-mcthoky- 
salicylic acid, 
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Degradation using absolute alcoholic potash has gone much better and 
yielded myrigticic acid and w : 4-dimethoxy-2-hydroxy-acctophenone {n good 
yields. From these results it is clear that kanugin is a robinetin derivative 
and that it has a methylenedioxy group in the 3' • 4'-positions, the other three 
hydroxyl groups bemg protected by methyl groups (I) 



The above constitution explains the peculiar results obtained by the treat- 
ment of kanugin with hydnodic acid and the re-methylation of nor-kanugm. 

When purified kanugin is employed, the nor-kanugin obtained has 
slightly different properties from those already recorded. It is a yellow crystal- 
line substance melting at about 325® with decomposition and its composition 
corresponds with the formula Ci(,H,oOt Its pentamethyl ether melts at 
148-49® and its penta-acetate at 223-25® Its identity with robinetin has 
been estabbshed by comparison with a synthetic sample obtained by the 
method of Allan and Robinson, starting from ownethoxy resacetophenone 
and the sodium salt and anhydride of O-trimethyl gallic acid, followed by 
demethylation.* Mixed melting point determinations of the flavonols and 
their derivatives have been made as also a comparison of the colour reactions 
of the two samples under identical conditions. The data are presented m 
^ following ttble, 
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Proputy 

j Nor Lafiagiii 

Kobioetin 

1, Mtlclng point of the fl«roaol . 
r Colonri^tl. FeC). 

1 Precipitate with lead acetate 

4 Colour changea at pH 11 

1 320-26* 

i Rpd 

Qaickly dissolves to a v 
cnaerald green in 10 Hccom 

SJO-S*” 

Hark olive brown 

Rad 

ellow solution, •“ 

a Melting point of the methyl thei 
S Melting point of the acetate 

pure blue, changei. further to >iolet and tinaiiy pina, 
resembling alkaline phonolphthalein This toloar Is 
stable for an hour and fades to broun through brown 

'""ss-VBo and 148-19" 1 li8-36» and 148-49° 

22S-25° 223-2* 


Some samples of the pcntamcthyl ethtr of nor-kanugin (natural) and of 
robinetin (synthetic) have been found to be melting at 148-49° and some 
others at 135-36° But m the latter case, when the melt is allowed to solidify, 
the solid subsequently melts at 148° A mixture of the low and high melting 
samples melts only at 148° It may therefore be concluded that there are 
two forms of the solid methyl etht r having two different melting points 

In the constitution of kanugin given above, two important features 
should be noted Kanugin belongs to the small number of naturally occurring 
anthoxanthin derivatives in which all the hydroxyl groups are protected. 
But the more important pouit is the use of a methylene group for this pro- 
tection, this being the first instance where this group has been found in the 
flavone series 

It may be interesting to compare the crystalline flavono! components 
present in the different parts of the Pongamia tree The seeds* contain 
karanjin which may be considered to be a derivative of 3 . 7-<lihydroxy-flavone. 
ie, derived from resorcmol Tbi constitution of the other crystalline 
substance pongamol, also present in the seeds, is not yet clearly known. 
Kampfcrol is found in the flowers * It is also a flavonol but is derived from 
phloroglucmol The constitution of pongamin which is found in very small 
amounts in the flowers is still unknown The root bark* contains kanugin 
which IS again a flavonol derived from resorcinol but the side-phenyl nucleus 
IS m a higher slate of oxidation Another noteworthy feature is that m the 
flowers the protection of the hydroxyl groups is the least whereas in the roots 
It is complete ; an efficient mechanism should therefore be available m this 
part of the plant for this protection 

Experimental 

Kanugin 

The sample of kanugin obtamed from the root bark of Pongamia giabra 
was crystallised using excess of alcohol in which it is sparingly soluble, the 
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light colourless crystalline solid that was produced after two crystallisations 
melted between 196 and 200° For further purification it was again crystal- 
lised twice using a mixture of alcohol and acetic acid. It then came out as 
colourless brittle rectangular plates and needles with a pearly lustre melting 
at 203-05° Further crystallisation did not raise the melting point [Found : 
C, 63-8; H. 4-7; OCH^ 25-8; requires C, 64 0; H, 4*5; 

OCHf(3), 26- 1%]. It dissolved in concentrated sulphuric acid to give 
a bn^t yellow solution and the colour changes and fluorescence were exhi- 
bited as reported previously Even an alcoholic solution gave a blue-violet 
fluorescence; with magnesium and hydrochloric acid a brilliant scarlet red 
colour was produced When gently warmed with a solution of gallic acid 
in concentrated sulphuric acid, a deep emerald green colour was obtained 
m 10 seconds 

Alkaline Hydrolysis of Kanugm 

(1) Using aqueous alcoholic potash —Kanugm (0 5 g ) was dissolved in 
aqueous alcoholic potash (alcohol 40c.c, water 40 cc. and potash 5g) 
and the solution boiled under reflux for 6 hours in an atmosphere of hydrogen. 
It was then cooled, acidified with hydrochloric acid and the alcohol dbtiUed 
off under reduced pressure The residue was then extracted repeatedly 
with ether The ether solution was then shaken first with aqueous sodium 
bicarbonate in order to separate acid products (A) and subsequently with 
dilute sodium hydroxide to remove phenolic components (B) Neutral 
products would then be left in the ether solution (C) (B) and (C) were 

found to be msignificant in amount and were not further studied. 

On acidifymg the bicarbonate extract a solid separated out. Thu was 
washed with water and marked (D) By ether-extracting the solution the 
more soluble part was isolated (E). When (D) was crystallised from dilute 
alcohol It melted at 212-13° and had the appearance of long rectangular 
plates and pnsms with a tendency to taper at the ends (Found: C, 55-3; 
H, 4 4; OCH„ 16 3; CJH,0» requires C, 55 1; H, 4 1 and OCH,. 15-8%). 
It formed a yellow solution in concentrated sulphuric acid ; when a crystal 
of gallic acid was added and the solution gently warmed the colour changed 
to bright emerald green and finally to a stable pure blue The mixed melting 
point with an authentic sample of myristicic acid prepared from oil of 
nutmeg was not depressed 

When (E) was crystallised from boilmg water it yielded a colourless 
crystalline product (flat needles) which had an indefinite melting point 
(130-45°!, gave a purple colour with ferric chlonde and had all the properties 
of a sim^ sample (4-mcthoxy-salicylic acid) already reported in Part I. 
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The substance (0-2 g) was dissolved in glacial acetic acid (3cc.) and 
treated with a slight excess of a solution of bromine in acetic acid. The 
solution was rapidly decolourised and on keeping the mixture for a few 
hours at 0“ a crystalline solid separated out It was filtered and washed 
with a little water. Since it was very sparingly soluble in solvents it was 
purified by boiling with glacial acetic acid It then melted at 258-59“ with 
sintering a little earlier and had the appearance of small rectangular plates 
(Found- C, 38 8; H, 3 1; C»H ,04 Br requires C, 38 9; H, 2 8%). It 
was identical with a sample of 5-bromo-4-methoxy-salicylic acid prepared 
from a pure sample of 4-methoxy-ssJicyhc acid. 

The bromo acid was tstenfted by boiling with anhydrous methyl alcohol 
and a little concentrated sulphuric acid for 12 hours On allowing to sund 
overnight crystals of the ester separated out When recrystallised from 
methyl alcohol-acetic acid mixture it came out in the form of rhombohedral 
plates melting at 145-46“, agreeing with the description of the ester by Potter 
Rice* who obtained it by a different method 

(2) Using absolute alcoholic potash —Kanugin (0-75 g ) was treated with 
absolute alcoholic potash (30 cc of 8% solution) and the mixture refluxed 
for 6 hours under anhydrous conditions The solid did not go into solution 
easily and only after 2i hours solution was complete After 6 hours, the 
solvent was completely removed, water (30c c) added and the solution 
filtered through a plug of cotton-wool When the filtrate was acidified, a 
crystalline solid separated in good yield The solution along with the solid 
was extracted with ether twice and the ether solution shaken with aqueous 
sodium bicarbonate to separate the acidic component (A) The ether layer 
was finally washed with water and evaporated The residue was a liquid 
which soon solidified. It was filtered, washed with a little water and crystal- 
lised twice from hot water when it came out as colourless thin rectangular 
plates melting at 65-67“. Mixed melting point with an authentic sample of 
<u : 4 .dimelhoxy- 2 -hydroxy-acctophcnone was undepressed. It gave a reddish 
brown colour with ferric chloride and did not respond to the metbylencdioxy 
group test The 2 : 4-dinitrophcnyl-hydrazone of the ketone prepared m the 
usual manner was crystallised from ethyl acetate, when it came out as 
bright red rectangular plates It melted at 218-20“ alone or when admixed 
With the 2. d-dmitro-phenylhydrazone of synthetic w; 4-dimethoxy-2* 
hydroxy acetophenone 

On acidifying the bicarbonate extract (A) with hydrochloric acid a 
crystalline solid was obtained. It was filtered, washed with a little water 
gnd purified by crystallising twice from methyl alcohol from wfii<?h it sepa* 



65 


CoHstitutton of KoHug^nr—IJ 

fated as bjg rectangulat prisms with a tendency to taper at the ends and 
melting at 212-14° This was identical with myristicic acid obtained in the 
other method of hydrolysis 

Demelhylation of Kanugw Nor-Kmugtn {Robinetin) 

A soluUon of kanugin (0-5 g) m phenol (3cc) was treated with 
hydnodic acid (lOc.c of d 1 7> The mixture was heated at 150-60° for 
1 hour It was then cookd, diluted with water (50c c) and free lodme 
decomposed by means of sodium sulphite The yellow solid that separated out 
was filtered, washed repeatedly with hot water and purified by crystallising it 
from aqueous alcohol when it came out as yellow rectangular plates, melting 
at 320-25° with decomposition (Found in the air-dned sample C. 55 9, 
H, 4 1 ; CijH.oO,, H,0 requires C, 56 2, H, 3 7%) The compound was 
sparingly soluble in hot water and moderately in alcohol and acetic acid. 
Its alcoholic solution exhibited a brilliant green fluorescence It gave a dark 
olive green colour with ferric chloride and a red precipitate with lead acetate 
in alcoholic solution In concentrated sulphuric acid it dissolved to form a 
yellow solution without fluorescence 
Nor-Kanugin Acetate 

The acetate of nor-kanugm was prepared by boiling it (0 1g.I with 
acetic anhydride (3 c c ) and a drop of pyridine for an hour and a half. The 
anhydride was then removed under reduced pressure and the white solid 
left behind was purified by crystallisation from absolute alcohol It came 
out in the form of colourless narrow rectangular prisms, melting at 223-25° 
The mixed melting point with a sample of the acetate of robinetin was not 
depressed (223-25°). 

Nor-Kanugin Methyl Ether 

A solution of nor-kanugm (0-1 g) in anhydrous acetone (25 cc.) was 
treated with dimethyl sulphate (0 3c c) and anhydrous potassium carbo- 
nate (2 g.). After refluxing for 8 hours, the potassium salts were filtered oflf 
and the residue washed with a little acetone When the solvent was dis- 
tilled oflf, the methyl ether was obtamed as a white crystalline solid. It was 
purified by crystallisation from alcohol when it ^ipeared as narrow rec- 
tangular plates melting at 148-49°; the mixed melting point with robinetin 
methyl ether (synthetic) was undepressed (Found in the air-dried sample: 
C, 61 -9; H, 6 0; OCH„ 38-9 and loss on drying in vacuo 5 0 C«HmO„ 
H,0 requires C, 61 5; H, 5 6; OCH, 39 7 and H,0 loss 4 6. Found 
in samples dned at 110° in vacuo. C, 64 9. H. 5 5; CmH» 0, requires 
€. 64 5; H, 5-4%) 
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Summary 

Kanugin yields mynsticic acid and ;7-m<.lhoxy salicylic acid 

when decomposed with aqueous alcoholic potash and mynsticic acid « : ^ 
dimethoxy-2-hydroxy-acetophenonc when decomposed with absolute alcoholic 
poUsh. Nor-kanugin has been identified as robinetin by a comparison of 
the flavonols and their denvativts It is, therefore, concluded that kanugm 
IS 3 : 7 : 5'-trimcthoxy-3' ‘ 4'-methylenedioxy-flavone. The crystalline compo- 
nents of the seeds, flowers and root bark of Pongamla glabra are compared 
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A NOTE ON SPECTRAL INTENSITY CHANGES IN 
HIGH-FREQUENCY GLOW DISCHARGE IN AIR 

By N R Tawde, F A Sc . and G K Mehta 
lehysict Lahoralorles, Royal IntMute of Sileiue, Bombay) 

Roceivod Scptoinbei 20. 1945 

AsuNDi AND J. Singh’ have recently drawn iome important conclusions about 
the relative strengths of the first positive and second positive band systems 
of nitrogen excited by b f discharge in rarefied air They observed a change 
in the colour of the glow when the frequency ot oscillation was changed 
This happened abruptly at a critical frequency of 735 k c, below which tfie 
first positive syste'm is stronger than the second positive system and above 
which the reverse is true The change m colour is attributed by them to 
the change in intcnsilie's ot these two band systems. 

The authors have referred to the work of Brasefield* who has investi- 
gated the variations in the electron velocity m the h f discharge He extra- 
polated the velocity of the exciting electrons in the h f discharge from the 
curves (got from independent experiments) representing the vanation m the 
ratio of the intensities of two neighbouring lines with the uniform velocities 
of the electrons employed for excitation This method will be correct if 
the discharge gives rise to uniform electron velocities. This is not true as the 
electrons undergo a velocity distribution in the h.f discharge Thus it is 
not possible to draw any quantitative conclusion regardmg the mean electron 
velocity from the above method The deviations of Brasefield’s results from 
the actual values of the eketron velocities, occurrmg m the h f, discharge, 
cannot be estimated unless some new method is tried which takes mto consi- 
deration the distribution of electron velocities The general conclusions 
about (1) the increase in electron velocity with the decrease m the frequency 
of oscillation ; (2) the increase in electron velocity with the increase in excita- 
tion voltage ; (3) the decrease m electron velocity with the increase m pressure, 
may be true but no qualtitative conclusions are possible 

Asundi and J Smgh have assumed that the output voltage of the oscilla- 
tor was constant for all the frequencies This is contrary to our experience 
of Hartley circuits The output voltage vanes considerably with the change 
in frequency At the same time the conductivity of the discharge being 
different at different frequencies, the load on the oscillator will vary at 

67 



68 N. R. Tawde and G. K. Mehta 

different frequencies and may cause a change m the output voltage It is 
known that unless the Hartley circuit is meant to deliver a considerably high 
power the output voltage changes with the load. Data with regard to the 
modified Hartley circuit used by Asundi and J Singh giving a constant 
voltage output at different frequencies and loads would have facilitated the 
correctness of the above assumption It would have been better if the 
constancy of voltage was checked and its absolute value noted. These condi- 
tions being not defined, it is quite likely that the change in the electron velo- 
city which IS responsible for the change in ihc relative intensities of the two 
band systems may be due partly to the change in voltage and partly to the 
change in frequency or to the change in voltage only. 

Again there is no mention of the pressure at which the investigations 
were made and this is a very significant factor According to Brasefield’s 
simplified mechanism of the h f discharge, a decrease in frequency wiU 
increase the electron velocity, because the time for which electric force will 
act on the electron will be longer at lower frequency If this is correct, then 
with a known change in frequency the resulting change in the electron velocity 
wiD depend on the mean free path of the electron and thus on the pressure. 
This change in electron velocity with a known change in frequency will also 
depend on the volUge of excitation as the velocity will depend on the electric 
force acting on it. Thus for a particular appbed voltage, there will be a 
pressure above which a change in frequency will not change the electron 
velocity This will be when the m f p for the electron wiU be smaller than 
the distance travelled by it m the time of half a cycle at the highest frequency, 
Asundi and Pant* have also observed that the phenomena get complicated 
at high pressures. This is due to the small m.f p. of the electrons at high 
pressures 

A phenomenon of the colour change in the glow of the h.f discharge 
in air was lately observed by us while doing probe study of the h.f discharge 
The frequency range was higher than that used by Asundi and J. Singh 
(4 to 15 ffl.c.). A sudden change in colour was observed when the pressure 
m the discharge tube was being lowered. The change was abrupt at a certain 
pressure The value of this critical pressure was found to vary with excitation 
voltage as well as the frequency. In view of this, it spears that the change 
in colour is a complicated phenomenon associated with several parameters 
like pressure, frequency, excitation voltage, etc As an exanqile, the follow- 
ing Tables I and II will give an idea as to how either of these parameters » 
susetptiUe to change with variation m the other The observations given here 
were rsk**" with a cylindrical tube havmg external sleeve electrodes, 
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Table 1 Table U 



The tube was connected through drying system and oil manometer to a Cenco 
Hyvac pump The discharge was excited by h f oscillations from a Hartley 
circuit, the frequency of which was changeable from 4 to 15 megacycles. 
The h f voltages were measured by a thermionic voltmeter specially designed 
for the purpose. The frequency was measured by a General Radio absorption 
type of wavemeter. Table 1 gives the variation of critical pressure with fre- 
quency of oscillation at two excitation voltages , while Table II shows its 
variation with the voltage at two different frequencies 

We agree that the relative changes in the two band systems as observed 
by Asundi and J Singh may have been brought about by a change m electron 
velocity, but whether the critical velocity can be attributed to a change in 
frequency alone is a doubtful point in the absence of data about the other 
vanables For some time we have been investigatmg several other aspects 
of h f discharge quantitatively, the results of which will be communicated 
in doe course. 
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RADlATibN balance 6P TI1« LOWER 
STRATOSPHERE 

P«rt I. Height Dlitribution of Solar Energy Absorption 
in the Atmosphere 
By R. V Karandikar, M.Sc 

Received November 10, 1945 
(Communicated by Dr K R Ramenathen, r * sc ) 

Abstract —A study of the radiation balance of the atmosphere involves 
the dctcrmmation of the absorption and emission of radiant energy due to 
the different constituents of the atmosphere In the stratosphere below 
50 km„ these arc mainly ozone, CO, and water vapour The major part of 
the absorbed energy is from solar radiation, the actual absorption at different 
levels being determined by the absorption coefficients of these gases and their 
vertical distributions In this paper, a detailed survey is made of all the 
available data and of the recent methods developed for using such data, 
and after proper selection, curves arc prepared giving the solar energy 
absorbed by different quantities of O,. CO, and H/). These are used to 
calculate the absorption of solar energy per unit volume and per unit mass 
in different 2 km. layers for certam vertical distributions of the constituents. 
It IS seen that the mass density of absorption due to ozone above 50 km. 
becomes much larger than that due to CO, and H,0 while m the region 
below 30 km., they become comparable Water vapour becomes more and 
more effective as we approach the earth 

§ 1. iNTROTlUCnON 

The investigation of the important problem of radiation balance of the 
earth’s stratosphere involves the study of the absorption and radiation of 
energy due to the different absorbmg constituents of the atmosphere. 
Gowan* has worked out in two papers the effect of ozone on the temperature 
of the upper atmosphere. At the time when he wrote his papers, little was 
known about the detailed height distribution of atmospheric ozone Later 
work by GOtz, Mectham and Dobson,* Regener,* and the Amcnoan workers* 
has provided important knowledge about this Penndorf* has used some 
of these results to calculate the heating and cooling of the ozonosphere, But 
he considered only the ultra-violet absorption due to ozone, without taking 
into account the visible absorption in the Chappms band which also plays 
a part, and neglected the effect of carbon dioude and water v^ur. In a 
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later paper, Godfrey and Price* have investigated ‘ the thermal radiation and 
absorption in the upper atmosphere ’ but have concerned themselves mainly 
with the ionosphere above 100 km, where the mam absorbmg constituent 
IS oxygen. On the other hand, Elsasser’' m his recent invesUgation of 
‘ the heat transfer by infra-red radiation in the atmosphere ’ mainly deals 
with the region below about 10 km., where water vapour is the predominant 
absorbmg substance. As far as the lower stratosphere is concerned, it is 
clear that the absorption and emission of radiation is governed almost 
entirely by ozone, carbon dioxide and water vapour.* Oxides of nitrogen 
and some polyatomic gases like methane, ethylene, etc , which have some 
absorption bands, usually occur in variable and very small ijuantities and 
arc probably unimportant Recent investigations of atmospheric absorp- 
tion in the infra-red by Adel and Lampland,* the study of the water vapour 
spectrum by Weber and RandalP and of CO, absorption in the infra-red 
by Martin and Barker," and the development of methods of usmg such data 
introduced by Schnaidt.i* Elsasser,’ Callcndar,'* and Strong^*-" supply 
important material for a reconsideration of the subject 

The total inflow of radiant energy from different sources mto any layer 
of the atmosphere consists of (i) the incident solar radiation, (u) the terrestrial 
radiation from the surface of the earth, and (in) the radiation from the differ- 
ent atmos{*eric layers above and below the layer under consideration, which 
depends upon their composition and temperature The loss of radiation 
by the layer consists of the radiation from both sides of the layer, assuming 
it to radiate at its temperature in those regions where it has selective absorp- 
tion and in proportion to its effective absorption coefficient The difference 
between the absorption and emission by the layer will give the net radiation 
used up in heatuig the layer, and if there is relation balance, this quantity 
will be zero. This is equivalent to the condition that at any level m the 
atmosphere where there is radiauon balance, the incident solar energy flux 
IS equal to the net upward flux due to radiation from all the gaseous layers 
and the earth 

The investigation therefore can be divided mto the following sections • — 

(i) An examination of the nature and amounts of the different absorbing 
ga«*« at different levels in the atmosphere. We shall confine our attention 
to ffie region below 50 tan. 

(ii) Collection and selection of the necessary data regarding the 
absorpuon coefficients of the constituent gases throughout the spectrum. 

(iit) Calculation of the vertical distribution of solar energy absorption 
in the atmoqrbere. 
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(iv) Preparation of radiation charts for the three mam gases (ozone, 
carbon dioxide and water vapour) of the atmosphere below 50 km., suitable 
for calculatmg the net radiation from a given column of absorbents 

(v) Calculation of the equilibrium temperatures for known vertical 
distributions of ozone like those at Troms^, Arosa, Poona, etc , and assumed 
distributions of CO, and water vapour 

It 18 the purpose of this paper to consider the absorption side of the 
problem, covering the first three items The radiation side and the linking 
up of the two sides will be taken up later m two papers. 

^ 2 The Solar Energy Curve 

The solar energy received at the earth is a parallel beam radiation The 
intensity of the incident solar radiation outside the earth’s atmosphere is 
calculated by using Planck’s relation on the assumption that the sun radiates 
as a black body at 6000° K. This gives the total energy radiated out from 
unit area of the sun’s disc as 

R =.<,T* = 1767 deal, cm -‘sec-* 

The energy received at the outer lunit of the earth’s atmosphere will be the 
solar constant, S, and is given by 

S r'/D* =.2 306 cal cm-»mm-», 
where r is the sun’s radius and D the earth’s mean distance from the sun. 
This is considerably higher than the observed value, viz , 1 925 cal cm."* 
min.'^ the mean value given by Abbot “ Abbot’s value is however obtained 
neglecting the absorption of solar energy by ozone m the ultra-violet 
(Hartley) band which is about 6 26% Including this, S becomes 2-045 
cal. cm.-* mm Still there is discrepancy between this value and the above 
calculated value This is due either to the sun’s assumed effective tempe- 
rature (6000° K ) being too high, or the fact that the sun might not be 
radiating strictly as a black body.*’ In all further calculations, the sun is 
taken as a black body at 6000° K. and the solar constant as 2 045 cal. 
cm-* mm.-‘, which is Abbot’s value corrected as mentioned above; thus 
the solar energy received by one sq cm at the outer limit of the earth’s 
atmosphere is given by simply multiplymg the correspondmg energy radiated 
from one sq cm of the sun’s disc by the factor: S/R - 1 929 x KH. 
This IS equivalent to taking the effective temperature to be nearly 5823 ° K. 
for the total radiation and, rather inconsistently, to be 6000° K for the 
distribution of radiant energy m the solar spectrum Any error that might 
be caused in doing so will be of a numerical nature, and can easily be cor- 
rected by making a correspondmg slight change m the above multiplying 
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factor. Tables I, II, III give the solar energy contained in the different 
absorption bands of ozone, (X>a and water vapour, as it is received at the 
outer Lmit of the earth’s atmosphere. 

§ 3 Ozone Bands 

(1) Ultra-violet {Hartley) Band. 2000-3300 A —(a) Data by Meyer," 
Lttuiili," Fabry-Buisson,*® Ny Tsi-Zc and Choong" are available Those 
by the last named authors (Fig 1) were used as being the most detailed 



Fio 1 a, the decimal absorption ooedkiont per cm of ozone at NTP in unnaiueyoanu 
according to data by Ny Tai-Ze and Chooog Shm-Piaw Jz is the intensity of the 
incident solar radiation j list outside the earth's atmosphere 
Unit of Jiih «• cal cm '• sec ** 

The curve gives the docunal absorption coefficient u per cm of ozone at 
N T P at different wavelengths, Beer’s law (I = Ig x IQ-") being assumed 
to hold for each wavelength Curves were prepared, usmg Beer’s law, 
gtvmg absorption from wavelength to wavelength due to known quantities 
of ozone The transmission curves showing how the incident solar energy 
curve gets modified due to passage through different quantities of ozone 
are given in Fig 2 Graphical integration of similar absorption curves 
gave the solar energy aborption for each quantity of ozone, from 
which a general curve (Fig 3) was obtained, and this was used for further 
calculations. 

(h) Alternative method.— Chapman** in his paper on “ The atmospheric 
height distribution of band-absorbed solar radiation” suggested that the fonq 
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PW 2 Intwslty of wtar r«<U»don to th« Hartley bMd •!»« puMge through differBil tWeW- 
oetM of oiooc to the evth'i ahnospben 

Unh of J»rfA»ctl cm “• lec "t 

of the absorption curve can be expressed by the nonnal error equation : 

„ = ( 1 ) 
where <t«=peak value of «, A* = wavelength corresponding to o,, and 
h determines the spread of the band which can be obtained by plotting* 
log a against (A - A^)* Then the fractional absorption at any wavelength A by 

Z cm. of ozone wiU be • 1 - , where JJ - 2 - 303 o. If the 

solar energy curve in the region between Ai •= 2000 A and A, = 3300 A, 
(Aj < A, < A*), is assumed to be of the linear form *+ mA, the total 
solar energy absorption by Z cm. of ozone in the band within the limits A, 
and A, becomes . 


• T S ^yh» and Fabty-Buiiaon plol log o againn a and glvo ths foUowtog ampirlcal 
formulta for the regton 2S00-3330 A ; 

logo > I7-S8 - O-OSM-a 

toga - 16-74 - 0.0536-A 


.. (F.*a) 
. <L) 
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Fm 3. Abiorptloii of soUr amgy by Z cm of ocone at N T P ia the diflennt bands 


-J(fc+mA)(l-c )rfA 

The integral can be evaluatedf and shown to be. 
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( 2 ) 

where Si-£(- 1^"' ' „ +^(\/«B)l, 

and />-jSZ, A= B = A*(A,- A,)‘, Jx.-fc+»iV 

and <f> denotes the error function given by ^ (jc) = J" d<. 

The infinite series Si and S, in equation (2) can be evaluated by using 
tabulated values of 4> (x) and f-*. It is found/that Sj is the mam term, while 
S« IS a correction term being the difference of two small and nearly equal 
quantities. E, was evaluated for different values of Z of ozone Three 
such values (for Z = 001 cm , 004 cm , -01 cm.) arc shown by stars on the 
curve relatmg to the Hartley band m Fig 3, showing good agreement with 
the values obtained by the graphical method 

In Qiapman’s paper referred to above, he gets the absorption of energy 
of radiation between wavelengths A and A + dA between levels m and m + dm, 
which is dA, Sa dA being the intensity of the incident beam at the level m, 
and then integrates it over the whole band. In this paper, we do not calcu- 
late the density of energy absorption directly, but only the energies absorbed 
by different finite masses Z cm of ozone when the incident energy is of 
the Imear form assumed The multiplication of the terms and (due 
to differentiation with respect to m) does not therefore appear in our inte- 
grals The actual energy absorption in an atmospheric layer of finite extent 
will be found by getting the values of the energies absorbed down to the top 
and base of the layer, bcginnmg at the outer limit of the atmosjAere, and then 
takin g their difference This quantity divided by the mass m the layer gives 
the mass density of energy absorption This is an elementary but practical 
way of gettmg the density of energy absorption m the different layers of an 
atmosphere of any arbitrary composition, the values obtained bemg averages 
over these regions. This will give equally good results if the layers are taken 
sufficiently small 

(c) It 18 assumed in accordance with the observations of Vassy” that 
there is no variation of absorption with pressure in the Hartley band. This 
has been recently verified by Strong.** 
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id) Data by Vassy** show that the temperature effect is small and it has 
been neglected 

(2) Visible {Chappuis) Band : 4400-7600 A —This band has been studied 
by Colange,** E Vassy,** A Toumaire-Vassy*’ m the laboratory, and by 
Cabannes and Dufay** and Fowle**“ in the atmosphere Absorption 
coefficients at 18° C (Fig. 4) from A. Toumaire-Vassy’s measurements quoted 



CbappuU band, and 


The coeffidenta are for a temperature of IS” C, ai 


in detail by Ofitz'* were used Since this band lies in a region near the peak 
of the solar energy curve and is much wider than the Hartley band, it plays 
a not unimportant part in the absorption of solar energy Curves similar 
to those for the Hartley band showing the solar energy absorption by diflercnt 
path lengths of ozone were prepared (Fig. 3). 

It will be seen that the Chappuis band becomes important for ozone 
values higher than about 0- 1 cm . i e., below about 25 km For places in 
high latitudes where the sun will be low for many hours, this band will play 
an important role This is clearly shown in Fig. 3, which gives the actual 
solar energy absorption at different levels in the atmosphere for an ozone 
distribution hke that at Troms^ (Lat. 69°40' N.}, for different zemth distances. 
It IS interestmg to note that the solar energy absorption curve for the 
Chappuis band closely follows the ozone distribution curve, since the energy 
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coefficient with decrease of temperature, being about 12 % greater when the 
temperature i$ reduced from 20 “ C to - 40° C But the values given are 
only relative, Colange’s value for the maximum absorption coefficient at 
room temperature being assumed as 0 05. Cabannes and Dufay have also 
used Colange’s values to determine the ozone content of the atmosphere 
But the amounts of ozone they have thus obtained seem to be too high, 
suggesting that the absorption coefficients are too low Actually in the 
ozonoBphere, lower temperatures than room temperature and hence higher 
values of the absorption coefficients have to be accepted The values which 
are quoted by Gdtz and used in our calculations are about 36% higher than 
Colange’s values This is a change on the correct side, though it may not 
be quantitatively correct A detailed experimental study with simultaneous 
observations both in the visible and the ultra-violet regions is still necessary 
to clarify the matter. 

(3) Infra-red Bands 4 75 #». 9 6 Mand 14 1 m —These are comparatively 
unimportant for the calculation of the absorption of solar energy, since the 
solar energy curve goes down rapidly in the infra-red This will be clear 
from Fig. 3 and Table I which give the solar energy contamed m the different 
ozone bands and the relative absorptions produced by them. Still, the 
calculations were completed as they are useful for the consideration of the 
radiation side of the problem. 

Table I 


Intensity of solar radiation [Ejjj in the different ozone bands just outside the 
earth's atmosphere owd the relative absorptions of energy 
Unit of Inundty = KT* cil cm "* »ac 


i 

Range 

! 

j 

Enwgj ftbtDKd by Z c 
when kept at a i 

m. of oionc 
ireanare of 1 

\llL- 1 

I at N T.P. 
15 m^ 

Z-1 cm. 

H«rtl«y Bird 

Chtppul* Bend 
Infrm-red 4*70 ft Baud 
9 *Sm „ 

14-1 „ 

2000-3300 A 
4400-7000 4 
4*80-4 80 m 
9*S-lu 1 it 

12 0-1S*Sm 

21S 0 
POO 0 

2 08 
0 8S < 
0 78 

18 1 

0*08 

0 04 1 

0 014 1 
0 000 : 

80*3 

0 81 

0 33 
0*05 

0 02 

142 S 

8 08 

0*14 

0 00 

186 5 

77*4 

1 19 

0 38 
0*17 

Total for all baoda J 

1517 0 

18*3 

87 3 

151 2 j 200*7 


(a) For the 9 - 6^1 band, Adel’s *' curves on the atmospheric absorption 
measured at Lowell Observatory were used to calculate the absorption 
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coeflScients (Fig. 6) by a methodt of reduction and clumnation, the effective 
pressure being taken to be 25 mb., which is roughly the pressure at the 
centre of gravity of atmospheric ozone. The recent values obtained by 


Fto 6 
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::s: 


-1 


— 

— 
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09nhiytli X <i>>i 


o, the decunel ebeorption coefficient per cm of ozone «t NT P in the 9.6 n IntrsHred 
bend calculated from the atmoepbenc meaiuiemenu of Adel and Umpland. 


Strongi* with the apophyllite residual ray apparatus gave o =0-8 to l-O 
per cm. of 0» at N.T P. for a gas pressure of 25 mb. and these agree well with 
those deduced from Adel’s data AU old curves gave extremely low values, 
for example K Angstrom’s" and Ladenburg and Lehmann’s" curves gave 
values of o to be 005 to -09 per cm of ozone, Gerhard’s** curves gave 
a =» 004 to 019, and curves by Hcttner and his co-workers** gave 035. 

(h) For the bands at 4 -75fi and 14 I fi, curves recently obtained by 
Hcttner and his co-workers** arc available. But the quantity of ozone 


JOut of the different senes of observations which Add gives for the almosphenc Irans- 
mission in the region 8-11 /i. senes A. B and E refer to the same air mass 1 6 but lo 
different water vapour contents, viz 41 5, 21 -4 and 3 2rom of ppt H^. Detailed knowledge 
of the absorption due to CO, m the same region (« -11 /.) « available from Barker and Adel's 
paper {Phy Vd 44. 185, 1933) The total ozone content of the atmosphere was assumed 
to bo the same for the Ihrte senes, accepung Dobson's mean annual value for the latitude 
35* N of Lowell Obaervatory as 0-240 cm. at N T.P The total CO, content was also taken lo 
be the same for the three series, atwepting the value 240 cm at N T P. This enabled the effects 

due to water vapour, CO, and ozone to bo separated, so that by eliminating the efifccts of 

water vapour and COs. the absorption duo to ozone alone could be calouUted at each wave- 
len^ Fig. 6 gives the mean decimal absorption coefflcleota obtained from the three lenea, 
tbe effbotlve gu pressure being taken to be 25 mb which is the pressure at the centre of gravity 
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mcnUonod by these authors (30 cm. of ‘ practically pure ’ ozone under a 
pressure of 160 nun of mercury) seems to be too high If the values of the 
absorption coefficients obtained from Adel's and Strong’s observations at 
9 6 /i are taken to be correct and Strong’s empirical fourth root law for 
pressure effect is adopted, this quantity would completely black out most 
of the 9'6^ band Hettner’s curves however show as much as 5% trans- 
mission at the peak of the band. Elsasser’' also in his paper expresses a 
doubt about this, but disposes of the matter by saymg that the true amount 
ma y be different owing to the fact that the Ime-broadening effect of ozone 
upon Itself may be different from that of air upon ozone But this is only 
a speculation According to Hertz," Eva Bahr« and others the line-broaden- 
ing effect due to the addition of air or of the pure gas obeys the square root 
law in the case of CO, and water vapour The only available laboratory 
data m the case of ozone are those by Strong who proposes the fourth root 
law But whichever law is nearer the truth, it is difficult to accept the quantity 
mentioned by Hettner and his co-workers The best way seems to be to 
accept Adel’s results as correct for the 9-6/i band and recalculate the partial 
pressures of ozone in the experiments of Hettner, and thence the absorption 
coefficients m the other regions The average absorption coefficients k 
given m the appendix are obtamed m this manner, using Elsasser’s relation 
A and the fourth root law proposed by Strong to take mto 

account the pressure effect 

(c) Thou^ Strong has proposed the fourth root law for the pressure 
effect, most other workers propose the square root law for the infra-red 
region m general It is difficult to sec why the 9 6;r band of ozone should 
be an exception to the square root law The use of the apophyllite residual 
ray apparatus in Strong’s observations necessarily involves the reflection 
contour characteristic of the material used, and what is obtained is the 
combmed integrated effect of the reflection contour and ozone absorption 
Results obtamed with such apparatus are therefore not strictly comparable 
with those with sufficient spectral details The use of any higher root law 
only means less variation of absorption with pressure For the use of any 
nth root law m this connection, coefficients appropriate to a standard pressure 
Po are to be calculated from observations made at any pressurep on a quantity 
Z cm. of ozone, usmg the relation For calculations in the ozone 

bands, the standard pressure p, is taken to bo 25 mb , which is roughly the 
pressure at the centre of gravity of ozone. It was also arbitrarily decided to 
accept the fourth root law for all infra-rod bands of ozone, since no other 
resulte than those of Strong are available for the pressure effect. For carbon 
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dioxide and water vapour bands, however, the square root law was used in 
accordance with the conclusions of Hertz and Eva Bahr. It was seen (Fig. 3) 
that the actual value of the solar energy absorbed by ozone m all the infra- 
red bands taken together becomes very small as compared with the absorption 
of energy in the ultra-violet and the visible regions, and hence it matters very 
little whether the square root law or the fourth root law is used to take 
account of the pressure effect. 

(<0 The temperature effect was neglected due to lack of available daU 
In any case, the total absorption being small, the neglect is not important 

§ 4 Carbon Dioxide Bands 

All CO, bands lie in the infra-red region beyond 2 m Still the total CO, 
content of the atmosphere being as large as 240 cm at N T P . it plays a 
part in the absorption of solar energy, especially in the lower stratosphere. 

The important bands arc at 2'7/r, 4 3fi. 9-11/* and 12 5-17 5/t. 
For the 2-7 /* band. Barker’s** curve was used Absorption curves for 
different quantities of CO, were prepared similar to those for ozone, using 
Beer’s law for each wavelength , graphical integration of such curves gave 
the solar energy absorption for the band For the 4 3 /* band, Martin and 
Barker’s new curves were used For the remainmg two bands, data collected 
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by Callendar** were used, adopting his empirical formula A == 1 — (1 + mfO"’ 
The comparative importance of the different CO, bands for the absorption of 
solar energy will be seen from Fig 7 and Table H. 
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tabub n 

Intensity of solar radiation in the different CO, bands just outside the 

earth's atmosphere and the relative absorptions of energy 


Unit ot Intentlty »- lO"* c»I cm "* sec 



The square root law was used for the pressure effect and the temperature 
variation of absorption coefficients was neglected. 

It IS to be noted that the last two bands partly overlap the corresponding 
ozone bands, while the first two and also the last overlap the corresponding 
water vapour bands Absorptions due to the different absorbents in a 
common band will be additive as long as each is only a few per cent For 
large absorptions, however, the transmissions will be multiplicative This 
has to be taken into consideration when actually evaluating the energy 
absorptions due to a given distribution of the absorbents 

§ 5 Water Vapour Bands 

Absorption due to water vapour begms in the near intra-red at about 
0 9(1 and extends with varying intensity throughout the infra-red region with 
a transparent window between 8 and 1 1 m Though the maximum amount 
of water vapour present above the tropopause may not exceed 0 03 cm of 
precipitable water, the region of absorption is so extensive and some of the 
bands in the region 2 to 8 ^ so intense that even this small quantity contributes 
an important share to the solar energy absorption The mam bands up to 
8 (JL are shown in Table HI. 

Complete spectroscopic observations with very small amounts of water 
vapour such as may be present in the upper atmosphere are not available 
The lowest quantity for which Fowlc*’ gives data is 0 008 cm of precipitable 
water, while Hettner’s** data in this region were obtamed for about 0 06 cm. 
of precipitable water. There is j^neral agreement between the values 
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Table III 

Intensity of solar radiation [E,]^ in the different water wpoxa bands just outside 
the earth’s atmosphere and the relative absorptions of energy in the 
region 0 9p to 

Unit of InUMlly - lO"* c»f em.-* »ec.-‘ 


I 


__ _ 


Eoergy absorbed by 

W cm of ppt H,0 

i 

B,nd 

Range In a 


W— 0001 

W- 001 cm 1 

W- 00* cm 

W«i.04 cm. 



0 8»-0 S9 

300 S i 

0.01 

0-J2 1 

. 1 01 

5 DO 



1 1 08-1 19 

1 

0 02 

0 17 

1-41 

lu 55 

42 78 



1 1 70-2 02 

90*0 1 

0*09 

1 07 



Fowle 


2.2-3.2 

91 6 

2 45 

7 74 

21 60 

45 58 



1 3 2-4.0 

24 U 

0 61 

1 03 

6 40 



Y 

1 4. 0-4.6 

12-8 


1 60 

4*15 

' 8 92 



1 4.9-8 0 

12 6 

0 62 

1.96 

5 08 

8 68 

b«d, 

702 1 

4 45 

1 18 90 

57 14 

168 20 


• CakuUuota were made separately for the component bands Zi (4 9 — 5 4^), Zt 
(5 4-5.9^), Z, (5.9-6 4a). Z 4 (6.4-7. 0 a) and Z, (7 0—8 Oa) as mentioned by Fowle 


and added up 

obtained from the two measurements only in the region up to 2 (s and for 
small values of precipitable water For the range 2 to 8fi, where the 
absorption is so large as to blackout the band heads in Hettner’s observa- 
tions, the results obtained by the two authors are not comparable and Fowle’s 
data have been used 

In a recent paper. Fox and Martin®* have investigated the absorption 
spectrum of water in the three states and in solution in carbon tetrachloride 
in the region 2 5-7 5 They have however explored the spectrum of 
water vtqwur only in the region 2 5 to 2 85 From the molecular extraction 
coeflScients they have presented, it seems that the limits of the band are narrow- 
er than those given by Fowle, or the wings of the bands ,are too weak for 
detailed mcasuremenU Calculations for the same quantity of precipitable 
water (W = (XJS cm) which Fowle had used show that the average absorp- 
tion over the region 2-5 to 2 85#* is 45 6%, whereas over the region 2-2 
to 3 2 ft It becomes 15 3% The latter value may be compared with Fowle’s 
figure 23-6% for the same region. Fowlc’s figure has been used in our 
emulations 

Another interesting point mentioned by Fox and Martin is that the 
4-7 ft band found in the solid and liquid states of water has no counterpart 
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in the vapour spectrum and has therefore been attributed by them to asso- 
ciated water molecules. On the other hand, Fowle’s curves for W -- 008 cm. 
of precipitable water show as much as 30% absorption in this region, and this 
cannot be attributed to COi, as there is no CO, band at 4 7 In any case, 
from the point of view of our present calculations of the solar energy absorp- 
tion, this does not affect our general conclusions seriously 

For the region 0 9 to 2 /t, Hettner’s curves giving more spectral details 
were reduced m a way similar to that used for the Hartley band of ozone, 
and the energy absorption was obtained by graphical integration Beyond 
2 fi, Fowlc’s results were used. Elsasser’s error function being applied over the 
subregions to get the energy absorptions due to different quantities of water 
vapour Table III and Fig SJsummarise the results. It is'to be noted that 
in the first region up to 2 the absorption is weak though the solar energy 
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IS large, whereas m the second region the energy is small but the strong 
absorption takes away most of the energy. The bands m the second region 
are therefore effective m the uppermost layers of the atmosphere 

The temperature effect is negligible for the values of water vapour 
involved in the upper atmosphere, as indicated by Elsasser” and Cowling • 
For the pressure effect, the square root law was used as for carbon dioxide 
§ 6. Hbksht-Distribution of the Constituents and the 
Calculation of Solar Energy Absormton 
(a) Ozone —The vertical distnbution of atmospheric ozone has been 
investigated for the following places: — 

(i) At Arosa** in Switzerland 

(ii) At Troms^ ** 

(ill) At Stuttgart in Germany by Rcgcner * 

(iv) In U S A by the Bureau of Standards* and Explorer II 
For the study of the solar energy absorption, the first two cases were 
selected, the remaining cases can be treated in a similar way The difficulty 
common to all of them lies in the fact that the distribution of ozone in the 
uppermost layers (above 40 km ) is not known with sufficient accuracy, while 
ozone quantities at these levels arc important for solar energy absorption. 

For the present calculations, the ozone content above 50 km. was 
neglected The atmosphere up to 50 km was divided into 2 km layers, 
and the ozone content m each layer and also down to the base of each layer 
obtained graphically The temperature effect on absorption was neglected. 
The energy absorption down to the base of each layer was found by usmg 
curves similar to the curves of Fig. 3 on a linear scale The energy absorp- 
tion m each layer was obtained by differences and this divided by the volume 
of the air m the layer gives the volume density of energy absorption, E,. 
The mass density of energy absorption, E„, is given by dividmg the absorption 
in the layer by the mass of air traversed For a zenith distance X of the sim, 
the rate of absorption of energy m any atmospheric layer is proportional 
to cos X 

Fig. 9 gives the values of E^ and E* for the ozone distribution at Troms^ 
(total Os - 0 260 cm ) Calculations were made for sec X =1, 1 • 5. 2, 3, 4 
for averaging the results afterwards for the whole of the day. but curves for 
sec X 1, 2 and 4 only arc shown here Similar curves have also been 
prepared for the distribution at Arosa. 

(6) Carbon dioxide.— V m toul CO, content was taken to be 240 cm 
at N.T P and the verucal distribution was obtained by assummg it to be 
present throughout the lower 50 km, m the same proportion of the total air 
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as at the surface To get the equivalent quantities for absorption, the 
amount m each layer was multiplied by adopting the pressure distri- 
bution in the atmosphere recently given by Penudorf" Temperature effect 
was neglected Curves similar to the curves of Fig 7 on a linear scale were 
used to find the energy absorption due to different values of CO, Fig 10 


Fn. to 



Height distributioa of the ebiorptioo of so'ar energy by carbon dioxide. Total C O, 
content of the atmoephere -240 cm at N T P cod CX), aisuroed to exist in the same 
propoftion at all heights. 


gives the absorption of solar energy by CO, for three different zenith distances 


of the sun. 

(c) fVattr vapour.— No ‘ measurements ’ of the amount and distribution 
of water vapour in the stratosphere are available. Simpson" considered 
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that the stratosphere contained about 0-3 mm. of precipitable water, "rtiis 
was based on the assumption that the air was saturated at the base of the 
stratosphere at a temperature of about 220“ A Ramanathan** pointed out 
that in the tropics at any rate, the amount of water vapour in the stratosphere 
should be much less because of the much lower temperatures at the tropo- 
pause Brunt and Kapur** have given tables with the values of water 
content ranging from 0 01 rom at the equator to 0 1 mm in the latitude 
50° m winter and to 0- 17 mm. in summer In a later paper. Brunt** regards 
these as overestimates of the actual values 


j Oflfrscm 
/ /, 
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Fw It. Helglit distribution of the sbsotptioo of solar eoeis' by water vapour W-total ptw 
dp tab's water above 16 km Relative humidity near 16 km is assumed to be 100% 
rm, lit tful iiritamhera uovemed bv Daltoo's 


a^ the dutribution of m 


Recent measurements in Europe show that the stratosphere there is often 
surprisingly dry, dew poinu as low as — 80' C being obtained In the pre- 
sent paper, calculations are made for four different values of tbtal precipitable 
water above the arbitrarily chosen reference level of 16 Ion., W « 0005- 
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005, -010, 020cm, the dislnbution m the stratosphere being given by 
Dalton’s law. These values correspond to 100% relative humidity at the 
tropopause, the aK>roxunate saturation temperatures being — 80“ C, 
- 65 5“ C, - 60 5“ C and - 55 5" C respectively. These results with 
suitable changes may be used for application to actual cases Fig. 11 gives 
the results for the two extreme values of W and for different values of sec X. 

(d) The total effect —Having obtamcd the separate contributions to 
solar energy absorption due to ozone. CO* and water vapour, the three may ' 
be suitably added Fig 12 gives the results for Trom^ with total ozone 
X = 0 260 cm, total CO* C =»240cm, and different values of W. The 
mass density of energy absorption for ozone near 50 km is considerably 
larger than that due to water vapour and the curves for different values of 
W merge into each other Below 30 km , however, the two effects are com- 
parable and the inset in Fig. 12 shows the results on an enlarged scale for two 
extreme values of W. 

§ 7 Discussion of Results 

Throughout the work, the calculations arc made on the assumption 
that the quantity of ozone above 50 km is negligible The effect, of this 
will be to reduce slightly the actual values of and E« m the first few layers. 
But as stated by Dobson, the ozone values above 45 km are only approximate 
and one cannot expect very accurate results for this region The error 
decreases rapidly as we go to the lower layers, and is practically zero below 
40 km 

Results similar to Fig. 9 were obtamcd also for the ozone distribution 
at Arosa and the general nature of the curves was found to be the same as 
that for Troms^. The energy absorption near 50 km. level is large and it 
goes on decreasing as we approach the earth. This means that the small 
quanUties of ozone present m the uppermost layers are mainly responsible 
for the absorption of large amounts of solar energy, the mam ozone mass 
near its centre of gravity playmg only a subsidiary part 

Considermg the mass density E« of solar energy absorption, the region 
under consideration can be roughly divided into two parts. The contnbu- 
Uon due to ozone predominates m the region 50 to 30 km, while below 
30 km., the effect due to water vapour predominates The contribution due 
to CO, IS small throughout the region. 

In conclusion, the author wishes to express his grateftil thanks to 
Diwan Bahadur Dr. K. R Ramanathan for his advice and interest through- 
out this work. 
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APPENDIX I 

Values op the Absorption Coeiticients and Other Constants 
IN THIS Paper 

(1) Radiation and solar constants.— 

C, •= 3 703 X 10-* erg cmr* sec-»; C, = 1 433 cm "K.; 
ff = 3 709 X 10-‘ erg cm"* sec~‘ K."^; 

1 erg cm.-* sec."* •= 2 389 x 10-* cal cm-* see"* 

Solar Constant. S = 2 045 cal cm -* min 

For the distribution of radiant energy, the temperature of the sun is 
assumed to be 6000° K 

(2) Ozone bands.— 

a == decimal absorption coefficient per cm of ozone measured at 
N.T P. Only a few values of a read from the smoothed curves are given, 
generalized absorption coefficient per cm of ozone m the relation 
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(31 Carbon dioxide bands —(a) a « decimal absorption coefficient per 
cm. of CO, at N T.P. 
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(b) Callendar’s empirical formula for CX)» bands A — 1 - (1 + 
where C - cm of CO, at N.T P. 



(4) Water vapour bands. — (a) Hctincr’s data used . 
tion coefficient per cm of ppt H,0 at N.T.P. 
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APPENDIX n 

Evaluatkw of the Band-Absorption of Radution 
The band absorption of radiation incident on a gaseous layer of thick- 
ness Z can be evaluated as follows, when the relation between the decimal 
absorption coefficient a and the wavelength A has the form of the normal 
error equation, a»= a* an<j the intensity of the incident radiation 

has the bnear form The energy absorption m the band within 

the limiU A, to A,. (Aj < A^ < A,>, is 

E,= ^ J;» (1 ~e ^ ) d\, where )8 -2 303 oj 


- J*" [k+ m (w+ AJl (I - e du. by putting A- Ao=> u 

- ( I | £ (1 - - 1 " (1 - 

Putting p - /JZ and ^Ze-*’"’^pe 
clearly 1 - - I - - 1)* • 

E,« (Ir4- mA.1 jf ^ ‘ 

=- (/t+ ffiAo) Ii+ wli 

The integrals U and I( involving infinite series can be solved term by 
term as follows 


[,- Ji-I'"'" byp 

VS A Til - AO 


,iP" X v'” 2 C ^ di 
n I Vn A 2 v'w J 

V-* 
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since A| < ^ < >1, i.e , Aj — < 0 < A*— \> 

_ f I (V;, 15T.-A0 I ^.- 


where 4 denotes the well-known error function 


Also, It 








Tiih* 


g-y iy by putting nA*u* ■=■ y 


-f- >>■*■{: 2!;*.[ri]:: 


= I ( - ir • ‘ J" 2 i** 

E,» (k+ m A.) ^t- l)-‘ - 

+ ^(VnA‘l:At- A,)*)] 

-I- ^ f ( - (x»-x»C] 

Putting A’ (Ai- Aj)*= A. A* (A,- A*)*- B, and Ar+ mAo = Jv#, 
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SYKtUEStS 6P 5: 6-HYDROXY-FLAVdNOLS 
PART III 

By S. Rajaoopalan, L Ramachandra Row and T R. Sbshadri 

IProm tht Dtpartmtnl of CkomUtry, Andhra l/nlrtrtlly) 

ReceivMl Deconber 29, 1945 

In Part n* the synthesis and study of 3 . 5 • 6 : 3'; 4'-pentahydroxy-flavone 
and Its derivatives were described. Following the same procedure the two 
lower members of this series have now been prepared and their properties 



R-H, OCH, or OH 

Since in the chRlkone condensation it is necessary to have the hydroxyl 
groups protected as far as possible in order to get good yields. 2-hydroxy- 
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5 : 6Kliniethoxy-acetophenone (I) was employed instead of the more easily 
available 2 5-dihydroxy ketone and the condensation made with benzal- 
dehyde and anisaldehyde In each case the product was a mixture of both 
the chalkone and the corresponding flavanone Similar mixture resulted 
even when the chalkone was heated with alcoholic sulphuric acid The 
conversion of the flavanone into flavonol was effected directly in one stage 
since It gives better yields of the products 

The 5 : 6-hydroxy-flavonols described m the course of this work form 
a series of compounds lacking a hydroxyl group in the 7-position There is 
marked absence of fluorescence as compared with the 7-hydroxy and 5 . 7- 
dihydroxy compounds The importance of the 7-position for this property 
IS thus indicated They form brownish-rcd solutions in alkali which rapidly 
fade on shaking with air This characteristic seems to be also due to the 
presence of two hydroxyl groups in the contiguous positions 5 and 6 

The compounds of type (V) having only a hydroxyl group in the 3- 
position exhibit fluorescence in alcoholic solutions but not in strong sulphuric 
acid. They also give prominent ferric chloride colour The fully methylated 
compounds (type VII) also give some fluorescence in alcohol but none in 
sulphuric acid 

The possibility of the flavone ring opening and rcclosing in a different 
direction, during demethylation using boiling hydnodic acid, has been shown 
to be present in the case of the 5 8-hydroxy flavones,* No definite example 
IS known of 5 . 6-bydroxy compounds changing in this manner This point 
has been exammed in one typical case in the course of the present work. 
3-Hydroxy.5.6;3'.4'-tetra-mcthoxy-flavonc fVIII), was di methylated to 
the pentahydroxy compound which was again remethylatcd with dimethyl 
sulphate and piotassium carbonate in acetone solution The product was 
found to be identical with that of direct roethylation of (VIID thus showing 
that no isomeric change is involved during the demethylation 
Experimental 

2.Hydroxy-5 6-dimethoxy-chalkone.~-To a solution of 2-hydroxy-5: 6- 
dimethoxy-acetophenone (3 g.) and benzaldehydc (5 c c ) in alcohol (20 c.c ) 
cooled to 0°, potassium hydroxide (30 g. in 24 c.c of water) was added m 
small quantities at a time with shaking After the addition, the flask was 
stoppered tight and kept for four days at the laboratory temperature with 
occasional shaking. The contents were then diluted with water and ether^ 
extracted in order to remove the unreacted aldehyde and then acidified 
The product separated ui the form of an orange-red liquid which was taken 
in ether The ethereal solution was shaken with aqueous sodium bicarbonate 
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to remove benzojc acid that was also lormed during the reaction On evapo- 
rating the ether, a red liquid was obtained which did not solidify even after 
keeping in the refrigerator for a number of days The chalkone was soluble 
in alkali and gave a reddish brown colour with feme chloride in alcoholic 
solution Crystallisation of the product was altempUd using benzene, 
petrol, alcohol and acetone , but in all cases the chalkone was recovered as a 
liquid It was therefore directly employed for conversion into the flavanone- 

In another experiment, the alkaline solution left after removing the 
unreacted aldehyde by means of ether, was saturated with carbon dioxide 
in the hope of obtaining the chalkone in a crystalline condition. A pale 
brownish yellow solid separated out (0 2 g ) When crystallised from alcohol 
using animal charcoal, it came out in the form of colourless silky needles 
meltmg at 142-44° It did not depress the melting pomt of the flavanonc 
obtained from 2-hydroxy-5 6-dimethoxy chalkone The filtrate from the 
flavanone on ether-extraction yielded the chalkone in the form of a viscous 
rrd liquid 

S ' 6-Dlmethoxy-flavanont.—A solution of the above chalkone (2g.) in 
50% aqueous alcohol (100c c) was treated with concentrated sulphuric acid 
(3 c c.) and the resulting solution boiled under reflux for 24 hours. On con- 
centrating the solution, the flavanone separaud out in the form of pale yellow 
silky needles It was filtered and washed with water The adhering chalk- 
onc was removed by macerating the solid with a weak solution of sodium 
hydroxide It then crystallised from alcohol (animal charcoal) in the form 
of colourless silky needles melting at 142-44° (Found: C, 71 9, H, 5 8; 
CiiHiiO* requires C, 71 8; and H, 5 6%) 

S'.(>-Dimethoxy-S-hydroxy'flavone —To a gently boiling solution of 
5 • 6-dimtthoxy-flavanone (0 5g) in alcohol (40 cc.' were added alternately 
amyl nitrite (3cc) and concentraUd hydrochloric acid (20 c c ; d, I 19) 
httlc by little with stirring After the addition, the contents were left for 
two hours with occasional shaking The solution was then diluted with 
water (150c.c) and the solid product filtered and washed with water It 
was crystallised twice from alcohol when the flavonol was obtained as 
rhombic plates, melting at 216° Yield. 0-15 g. It gave a reddish brown 
colour with alcoholic feme chloride When reduced in alcoholic solution 
with magnesium and hydrochloric acid an orange-red colour was developed. 
It was soluble in aqueous alkali to give an yellow solution. An alcoholic 
solution of the flavonol exhibited green fluorescence It dissolved in con- 
centrated sulphuric acid to yield a yellow solution without fluorescence 
(Found; C, 68-5; H, 4-7. Ci,HuO| requires C. 68-5; H, 4-7%). 
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i S-^TrUtydroxyfiavone.—lhc above dimethoxy flavonol (75 mg.) 
dissolved in acetic anhydride (3 c c ) was treated with hydriodic acid (2 c.c. ; 
d., 1’7) with cooling. The solution was refluxed for an hour in an oil-bath 
kept at 150-55®. After cooling, it was treated with sulphurous acid when 
a pale yellow crystalline solid separated out The aqueous solution along 
with the solid was ether-cxlracted On removing ether a pale yellow crystal- 
line solid was obtained It was crystallised from ethyl acetate when the 
dihydroxy flavonol came out as stout rectangular rods melting at 183-85° 
Yield, 50 mg It gave a brown ferric chloride colour and exhibited no 
fluorescence either m concentrated sulphuric acid or in alcoholic solution. 
It was insoluble in sodium bicarbonate and carbonate solutions but dissolved 
in aqueous sodium hydroxide to form a brownish red solution ; the colour 
faded slowly to pale yellow, the change being very fast on shaking with air 
(Found; C, 67 0; H, 3 7, Cj^ioO, requires C, 66-7 and H, 3-7%) 

i:S 6-Trimethoxy-ftavone.~-To the above dihydroxy flavonol (40 mg) 
in anhydrous acetone (20c c) was added anhydrous potassium carbonate 
(0-5 g.) and dimethyl sulphate (0 2c c) and the mixture refluxed for 20 
hours, The solvent was removed and water added when a very pale yellow 
solid separated This was filtered, washed with water and crystalhsed from 
benzene-petrol mixture when the tnmethyl ether came out as stout rhombo- 
hedral pnsms melting at 130-32*. It gave no ferric chloride colour m 
alcoholic solution It exhibited no fluorescence either in alcohol or m 
sulphuric acid solution (Found: C, 69'4; H, 4 8, QsHuOf requires C, 
69-2; H. 51%). 

5 : 6 ; 4'-Trimthoxy-i-hy<^oxy-flav<me --This compound was obtained 
from the corresponding flavanone* in one operation as in the previous case 

The colourless solution of the flavanone (0 5g.) m alcohol (40c.c.) 
gradually turned reddish orange on treatment with amyl nitnte (3 c.c.) and 
concentrated hydrochloric acid (30c.c.. d., 119). After 2 hours, the liquid 
was diluted to 200 c.c with water. Pale yellow shining flakes separated out 
after some hours. They were collected and crystallised twice from alcohol 
The flavonol was obtamed in the form of pale yellow broad rectangular 
plates melting at 172-73’ Yield, 0-15 g. It gave bright bluish green fluo- 
resoence in alcohol, benzene and ether solutions With alcoholic ferric 
chlondc a light brown colour was obuined. It was sparingly soluble in 
»ld aqueous sodium hydroxide yielding a very pale yellow solution. In 
concentrated sulfdiuric ncid it dissolved forming an orange coloured liquid 
with no fluorescence (Found • C. 65*8; H. 5*1; CmHisO* requires C, 65*9; 
and H, 4*9%). 
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^•.5:6:h'-TetrairKthoxy^a»one.—Tbe: trimethoxy flavonol (0-1 g.) was 
methylated by refluxing it in a solution of anhydrous acetone (SO c.c ) with 
dimethyl sulphate (0-3 c.c.) and anhydrous potassium carbonate (1 g.) for 
8 hours. At the end of the reaction, the potassium salts were filtered and 
washed with warm acetone. The filtrate was concentrated on the water- 
bath (2o.c.) and treated with water (2-3 c.c.). The semi-solid precipitate 
did not crystallise even ater keeping for a long time in the ice-chest. It was, 
therefore, extracted with ether and the residue obtamed after the removal 
of ether was crystallised twice from alcohol when it was obtained as colour- 
less rectangular plates melting at 147-48®. It gave no colour with feme 
chloride in alcoholic solution. Its solution in alcohol exhibited bluish green 
fluorescence. However, fluorescence was absent in concentrated sulphuric 
add (Found; OCH,. 36 0, Ci(H,tO« requires OCH,, 36-3%) 

ii5:6.h'-Tetrahydroxy-flavorK—A solution of 5 : 6 : 4'-tnmethoxy-3- 
hydroxy-flavone (0-2 g.) in aceuc anhydride was treated with hydnodic acid 
(d., 1’7; 5c.c. with cooling) The resulting solution was refluxed on an 
oil-bath at 150-55® for 2 hours. It was diluted with water and saturated 
with sulphur dioxide when an orange coloured precipitate was obtained. 
When crystallised twice from ethyl acetate, the tnhydroxy flavonol was 
obtained in the form of pale yellow microscopic crysuls melting at 305' 
with slight sintering at 294° Yield, 0-1 g With alcoholic ferric chlonde 
a dark olive green colour was obtamed It exhibited no fluorescence either 
in alcoholic or in strong sulphuric acid solution It was insoluble m aqueous 
sodium bicarbonate, but dissolved in carbonate solution giving a fairly 
stable pale yellow colour In aqueous sodium hydroxide it formed a 
brownish red solution which faded slowly to pale brownish yellow; the change 
was very rapid when shaken with am. It did not show marked colour changes 
in alkaline buflfer solutions; m a solution of pH 12-2, it was bright yellow at 
first, rapidly turning brown ; withm 4 minutes it was deep brown, after an 
hour reddish brown and after 24 hours pale reddish brown (Found C, 62-8 ; 
H, 3’8; CuHigOf requires C, 62-9. and H, 3-5%) 

Summary 

The synthesis of 3 5 6-3' 4'-pcntahydroxy-flavone was already 
reported The lower members of this group of 5 6-hydroxy flavonols with 
one and no hydroxyl group in the side-phenyl nucleus have now been pre- 
pared by Kostanccki’s method The characteristic properties are described. 
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EVIDENCE FOR THE EXISTENCE OP THE 
“EMISSION LAYER" IN THE ATMOSPHERE 

By R. Ananthakrbhnan, F.Ailc 
Received Dectober 11, 194* 

1. rNTRODUCnON 

The vertical distribution of temoeraturc in the atmosphere is a factor of 
great importance in determining the processes of weather. Results of uj^r 
air soundings all over the world have shown that broadly the atmosphere 
can be divided into two thermally distinct zones. In the lower zone, known 
as the troposphere, the temperature decreases steadily with height at the rate 
of approximately 6° C /km. In the upper region, known as the stratosphere, 
the temperature remains constant or increases slightly with height. The 
surface of separation between the troposphere and the stratosphere is known 
as the tropopause. The tropopausc is approximately 18 km. above the 
ground at the Equator, about 12 km high m middle latitudes and 8 km 
high at the poles A problem of fundamental importance in Meteorology, 
which is as yet not completely solved, is to find out a rational physical expla- 
nation for the observed distribution of temperature m the atmosphere. 

2 SotAR AND TERRESTRIAI RADIATION 
In any attempt to answer this question, we have to start from the funda- 
mental fact that the ultimate source of energy for all atmospheric phenomena 
IS the solar radiation intercepted by the earth and its atmosphere. Smee 
the mean temperature of the system (earth + atmosphere) does not show 
any appreciable change over long intervals of time, it follows that as much 
energy is sent back to outer space by this system as is received by it. 

There is, however, an essential difference in the spectral characteristics 
of the incoming and outgomg streams of radiant energy. The solar radia- 
tion corresponds approximately to black body radiation at a temperature of 
6000 "A; practically the entire energy is confined between the wave-length 
limits A-=0 15^toA=4ft with peak intensity at -'0 Sp. As con- 
trasted with this, the energy of terrestrial radiation is spread out over the 
band of wave-lengths from about 3fi to 120#* with peak intensity at about 
lOfi to 15#*, corresponding to black body radmtion at a temperature of 200 
to 300 ’A We may, therefore, picture the earth and its atmosphere as consti- 
tuting a system which is continually absorbing short-wave solar radiation and 
radiating it back into space in the form of long-wave heat radiation, 
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3. RAUiAnvH Equilibrium 

If the entire solar energy reaching the outer surface of the earth’s atmo- 
sphere passes through without any depletion due to reflection ard scattenrg, 
then every sq cm of the earth’s surface would receive on the mean dunng the 
day and mght 0 5 cal /min Under radiative equilibrium, therefore, the 
same amount of energy should be radiated out by each square cm of the 
earth’s surface Assuming that the surface radiates like a black body, the 
mean temperature T is given by. 

<7 T* = 0 5 cal /cm.» ram 

where o ^ 5 73 . ICf-* erg cm--* deg-* scc“* (Stefan’s constant) 

This equation when solved for T gives 

T =279 “A = -I- 6“C (!> 

We know, however, that about 40% of the incoming solar energy is 
directly returned to space due to reflection, scattering, etc If it is assumed 
that the retnaming 60% is absorbed at the surface of the earth, then the corres- 
ponding equation for radiative equilibrium becomes 
<T T‘ = 0-3 cal /cm ‘•mm 

which gives T = 246 °A = — 27® C (2) 

The observed mean temperature of the earth’s surface is however 
•f 14® C , Ic , It IS higher than either of the above values. 

4 " Glass Housf Eh-e<t ” of the Atmosphers 

What IS the reason for this high surface temperature of the earth ? In 
order to understand this, wc have to consider the assumptions on which the 
calculations in the preceding section were based. We tacitly assumed that 
the atmosphere is perfectly transparent to both solar and terrestrial radiation 
80 that the incoming and outgomg streams of radiant energy pass through the 
atmosphere without any attenuation We know, however, that while the 
atmosphere is largely transparent to short-wave solar radiation, it is highly 
opaque to wave-lengths m the range of terrestrial radiation, because the 
water vapour and CO^ always present in the atmosphere possess intense 
absorption bands m this spectral region. Consequently, the greater part 
of the heat radiation from the earth’s surface is absorbed and trapped by the 
water vapour and CO, m the lowest layers of the atmosphere These ccnsti- 
tueatf in their turn rc-radiatc energy over die same wave-lengths at which 
they absorb, so that a downward stream of radiant energy is directed toward 
the surface of the earth from the lower layers of the atmosphere (Gcgen- 
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strablung). The net loss of energy from the surface of the earth (Ausstrah* 
lung) IS now less than before; it is equal to the difference between eT* and 
the Gegenstrahlung Thus the effect of water vapour and CO, is to reduce 
the loss of heat from the surface of the earth or to increase the surface 
temperature This is known as the “ Glass House Effect ” of the atmo> 
sphere. 

5 Radiativs Lews of Heat from the Atmosphere and 
ALBRBTH r’s Emission Layer 

With an atmosphere whiCh absorbs and radiates like a black body, the 
net loss of heat from the earth’s surface would be reduced practically to zero, 
because all the radiation sent out from the earth will be absorbed in the lower* 
most layers which have practically the same temperature as the earth and 
would therefore send back an coual amount of radiation towards the earth. 
However, the water vapour and CO, which constitute the major absorbing 
and radiating constituents of the lower atmosphere do not absorb all wave- 
lengths in the range of terrestrial radiation As was first shown by Simpson, 
the absorption spectrum of water vapour in this spectral region can be broadly 
divided into three categories.— 

(1) Tue spectral band to 11 m m which water vapour is completely 
transparent 

(2) The bands to and llji to in which water vapour is 
semi-transparent 

(3) Wave lengths < and > 14#t for whK* water vapour is so highly 
opaoue that a small amount (accordmg to Simpson 0 3 mm of 
precipitable water) is sufficient to absorb completely all radiation 

Out of the total energy o' T* radiated from the surface of the earth, the 
entire amount comprised in the spectral band (1) and a portion of the energy 
in the spectral range (2) are thus directly lost to outer space. It is estimated 
that out of the 60% incoming solar energy absorbed by the earth and the 
atmosphere, about 10% only is disposed of in this way. The remainmg 50% 
of long-wave heat radiation returned to space is contributed by the atmo- 
sphere. 

From which part of the atmosphere does this large amount of heat 
radiation which is being continually lost to outer space originate 7 This is a 
most important problem m the theory of atmospheric heat radiation. We 
have seen that the principal absorbing and radiating constituents of the 
lower atmosphere are water vapour and to a lesser extent 00,. These 
constituents, however send out radiation over the same wave-lengths at 



Evi(Unee for ExtsUnce of"Bmissum Layer” t>/ Atmosphere 105 

which they absorb intensely If we now picture the atmosphere as being 
divided into a number of layers each of which contains the optimum quantity 
of the absorbing constituents to intercept completely the radiation from the 
layer below it, then, it is easy to see that outward radiation to space can 
begin only at sirch a height above which the amount of water vapour and 
CO, present is iiisufificient to absorb completely all the radiant energy 
arriving from below 

Simpson assumed that the stratosphere contains enough water vapour 
to absorb all the radiation coming from the troposphere and that outward 
radiation to space from the atmosphere originates only from the stratosphere 
Later work has. however shown that Simpson’s assumption requires revision. 

From a careful study of the absorption and emission spectrum of water 
vapour, F Albrecht came to the conclusion that the greater part of the heat 
radiation sent out into space from the earth’s atmosphere has its origin m 
the upper troposphere and that this radiation passes through the strato- 
sphere without appreciable depletion According to Albrecht, radiation 
to outer space from a cloud-free atmosphere is mostly from a layer of about 
3 to 4 km thickness in the upper troposphere, which he designated as the 
” Emission Layer” The radiation from the emission layer is independent 
of geographical latitude or of the tunc of the year and is approximately equal 
to the selective radiation of water vapour and CO, at a temperature of- 50° C 

The location of the emission layer in the atmosphere is determined by 
two important considerations, viz , 

(1) It contains an optimum amount of water vapour and CO, (the 
constituents that give rise to emission). 

(2) The amount of water vapour and CO. above the layer is so small 
that the radiation from the emission layer passes through without 
appreciable attenuation 

As the emission layer is a region which is losing heat throughout day and 
night, it IS also a part of the atmosphere which is getting continually cooled 
due to this heat loss 

According to Albrecht’s estimates, the emission layer is located at such 
a height that the water vapour content at its base is approximately 0- 1 gm./m* 
and its top 01 gm /m’ Consequently, the height of the emission layer 
varios with the temperature and humidity content of the atmosphere. It has 
been estimated by Albrecht that when the atmosphere is hot and humid, 
the emission layer should lie roughly between the levels corresponding to 
233 “A and 213 “A, when the atmosphere is comparatively dry, the emission 
layer should extend from 243 "A to 223 *A. 
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More recent researches on the absorption spectrum of water vapour 
have shown that the absorption coefficients given by the earlier workers are 
far too high and hence would necessitate a much higher value than what 
Simpson assumed for the critical quantity of precipitablc water which 
constitutes a “ black body ” for the range of wave-lengths over which water 
vapour shows marked absorption Brunt has pointed out that this would 
not essentially modify the arguments of Simpson and Albrecht although the 
base of the emission layer would be lower and its thickness more than what 
was estimated by Albrecht 

6 Emission Layer and Tropopause 
According to Albrecht, the top of the emission layer marks the upper 
limit of the troposphere in polar and temperate latitudes. In the tropics, 
however, on account ot the strong penetrative convection from below, 
brought about mainly through the agency of water vapour, the tropopause 
is carried a few kilometres above the top of the emission layer As a result 
of this, the temperature of the upper troposphere (above the top of the 
emission layer and below the tropopause) in the tropics is lowered below 
what It would normally have been as a result of purely radiative processes. 
Hence, in radiative heat exchange with the lower layers of the stratosphere 
the upper levels of the tropical troposphere absorb more heat than they 
radiate out This is supposed to be the reason (perhaps only one of the 
reasons) for the sharp inversion at the tropopause and the rapid increase 
of temperature m the first few kilometres above that in the tropical strato- 
sphere, a feature which is not observed in higher latitudes where the lower 
stratosphere is practically an isothermal region. 

7. Distribution of Heat and Cold Sources in the Atmosphere 
While the long-wave outgoing radiation from the atmosphere causes 
a perpetual cooling of the upper troposphere, practicaUy all the addition 
of heat resulting from the absorption of short-wave solar radiation takes 
plate essentially at the surface of the earth and in the lower layers near the 
surface Thus vertical temperature gradients are set up in the troposphere 
which give rise to vertical displacements of air masses when the gradients 
exceed the limits of stability Consequently, in spite of the continuous loss 
of heat from the top and addition of heat at the bottom, a dynamical equi- 
librium with certain limiting temperatures is established. 

If we consider the annual mean heat balance of the system (earth + 
atmosphere), then according to Albrecht’s calculations the incoming energy 
exceeds the outgoing up to latitude 37^®. while at higher latitudes the reverse 
conditions obtain. As is well known, it is this peculiar latitudin#! distri- 
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bution of incoming and outgoing energy that brings about the general cir* 
culation pf the atmosphere 

Bjerknes has divided the troposphere into regions where there is a net 
gam of heat or a net loss of heat The former are called heat sourced and 
the latter cold sources The principal cold source in the atmosphere is 
Albrecht’s emission layer which is continually sending out heat energy into 
outer space The principal heat source is the lower troposphere in the 
tropics and the adjoining temperate latitudes which gams a net excess of 
energy m radiative heat exchange with the earth’s surface and also in (he 
form of latent heat of condensation Besides this, there is a secondary heat 
source which is the region comprised between the top of Albrecht’s emission 
layer and the tropopause over the tropics and adjoining temperate latitudes 
This IS a region which is cooled by convection below its radiative equilibrium 
temperature and as such gets a net excess of heat by radiative exchange with 
the lower layers of the stratosphere 

8. SiASONAL Variation Oh Hfat and Cold Sources over 
THE Northern Hemisphere 

If we consider the vertical distribution of heat and cold sources over 
the northern hemisphere (Fig 1), there is a striking difference m the condi- 
tions which obtain m the summer and in the winter sea<^ons. In the northern 
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swnmer, practically the whole of the lower troposphere is a heat source; 
the middle or the upper troposphere (Albrecht’s emission layer) forms the 
cold source Above this lies the secondary heat source extending from the 
Equator up to and somewhat beyond 30° N In the northern winter, the 
lower heat source is displaced towards the southern hemisphere so that the 
entire troposphere (bmited by the top of Albrecht’s emission layer) over 
polar and temperate latitudes is a cold source suffering a continual loss of 
heat energy Above the top of this is a feeble heat source which stretches 
over a part ot the temperate latitudes and is in fact an extension of the 
secondary heat source over the tropics brought about by meridional advection 
of air 

9 Expected Seasonal Variations in the Thermal Structure 
OF THE Atmosphere over Temperate Latitudes Adjoining 
THE Tropics 

The considerations of the preceding section would lead us to expect 
striking seasonal variations in the thermal structure of the atmosphere over 
a place in the temperate latitudes adjoining the tropics Such obse^cd 
variations in their turn can also be regarded as a proof of the general validity 
of the theoretical considerations outlined m the preceding sections and hence 
of the existence of the emission layer in the upper troposphere 

What are the changes that we should expect in the thermal structure of 
the atmosphere over a place such as Agra (lat 27' 08' long 78° 01') 
between summer (July) and winter (January) •> 

Let us first consider the location of the cold source (Albrecht’s emission 
layer) m these two months (see Fig I) In July, the atmosphere is hot and 
humid and the emission layer (following Albrecht) may be taken to be between 
11 to 14gkm. In winter, the entire troposphere below the emission layer 
IS a cold source; the emission layer itself should be between 8 and 11 km, 
according to the temperate limits given by Albrecht 

In summer, the lower troposphere is a powerful heat source and the 
condensation of water vapour is by far the most important agency con- 
trolling the lapse-rates in the middle and upper troposphere. The lai^- 
rates at these levels would, therefore, follow the saturation adiabat which, 
however, is practically parallel to the dry adiabat under the conditions pre- 
vailing in the upper troposphere Within the emission layer itself, there is 
a continual cooling due to radiation, so that as a result of addition of heat 
at the bottom and loss of heat from the top there should be a marked t«i- 
dency for supor-adiabRtic lape-rates at thes? levels. Above the top of the 
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emission layer, convection and radiation work in opposite directions, the 
former tending to set up dry adiabatic lapse-rate while the latter tends to 
establish isothermal conditions Consequently a rapid decrease of lapse- 
rate with height should bo noticed in the column abovt the too of the 
emission layer and below the tropopause The inversion at the tropopause 
would be very pronounced and a rapid rise of temperature with height 
should be the feature in the first few kilometres of the lower stratosphere 
In the wmter months, the entire troposphere btlow the top of the emis- 
sion layer is a cold source undergoing continual cooling due to radiation 
The cooling increases with height and attains a maximum value within the 
emission layer The vertical distribution of lapse-rate should thus corres- 
pond to what would be expected in an air column which is continually 
cooled at the top , that is, the highest lapse-ratts should occur in and below 
the emission layer Above the top of the emission layer, radiative processes 
alone would set up isothermal conditions However, meridional movement 
of air from lower towards higher latitudes transports the characteristics of 
the tropical tropopause to the temperate latitudes in a less pronounced form 
We should thus expect a " composite ” type of tropopause over temperate 
latitudes, the transition from the troposphere to the stratosphere occurring 
in two stages The lower transition will correspond to the top of the 
emission layer, while the upper transition will correspond to the tropopause 
over the tropics. However, because of the absence of penetrative convec- 
tion from below, the control by radiation will be more pronounced than in 
the tropics so that the lapse-rates and upper inversion above the top of the 
emission layer will be less conspicuous than m the tropics 

In this connection it is interesting to recall a scheme of air circulation 
between the troposphere and the stratosphere which was suggested by 
Refsdal some years ago This is based on the work of Albrecht as well as 
on the concept originally put forth by Palm6n that the tropopause should be 
regarded as a layer of transition which can dissolve at one level and reappear 
at a new level in the atmosphere depending upon dynamic as well as radiative 
conditions, In the temperate latitudes, the tropopause is dynamicaUy sucked 
down m association with depressions and reforms at its original level when 
the depression activity has ceased. In this process, therefore, air from the 
stratosphere is transferred to the troposphere. Accordmg to Refsdal, the 
compensating transport of air from the troposphere to the stratosphere takes 
place in the tropics where the tropopause is carried above the top of the 
emission layer by convection, and consequently is constantly stnving to 
buiW itself at a lower level under the influence of radiation. 
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From what we have discussed in ihc preceding, it would appear that 
the meridional movement of air from lower towards higlier latitudi s ui the 
upper troposphere furnishes the nectssary mechanism fiy the tiansport of 
au- from the troposphere to the stratosphere; for, in the absence of pene- 
trative convection from below at the higher latitudes, tlie high vertical lemre- 
rature gradients which prevail in the upper levels of the tropical troposphere 
can no longer be maintained as the air moves over to the higher latitudes 
The lapse-rates would, therefore, progiessively decrease in the meridionally 
advancing air column until finally it gets merged with the stratosphere m 
the higher latitudes The “composite” iropopause tncounte'red in tempe- 
rate latitudes appears to mark an intermediate stage in the transition of 
tropical tropospheric air into stratospheric air of the temperate latitudes. 

10 Thermal Structure of the Atmosphere over Agra 
j A detailed study of the thermal structure^ of the atmosphere over Agra 
based on the results of over 500 sounding balloon ascents shows that the 
observed seasonal variations in the thermal structure of the atmosphere are 
quite in conformity with what should be expected m the light of Albrecht's 
work A detailed account of the investigation is being published elsewhere 
Some of the major features brought out by the study might, however, be 
summarised here: — 

( 1) in the month of July, the observed lapse-rates in the middle and upper 
troposphere over Agra practically follow the saturation adiabatic; super- 
adiabatic lapse-rates are frequently encountered between 12 and 14 gkm. 
Above 14 gkm , the lapse-rale begins to decrease and changes over into an 
inversion at about 18 gkm. 

(2) Following the retreat of the monsoon m September, there is a 
decrease of lapse-rate in the upper troposphere and an increase in the middle 
troposphere over Agra 

(3) A sudden decrease of lapse-rate at about 11 gkm. is noticed m a 
more or less conspicuous form during all the wmter months 

(4) The highest lapse-rates m the winter months are noticed between 
7 and 11 gkm 

(5) In the Winter months, lapse-rates above 11 gkm. are generally 
feeble and gradually change over to an inversion at about 17 gkm 

(6) The annual range of temperature in the atmosphere over Agra 
shows two maxima, one at about 9 gkm. and another at about 18 
(see Fig. 2). Starting with the tho'mal conditions obtaining m stUmner 
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(July), the lower maximum can be interpreted as the 'cvel of maximum 
cooling m winter (centre of gravity of the emission layer in this season) 
The upper maximum corresponds to the summer tropopause and is the region 
where the greatest fall of temperature below that corresponding to radiative 
aquiUbnum has been brought about by convection from below tt follows 
that with decreasing control by convection and lncr^aslng control by radia- 
tiOB (transition from the monsoon to winter conditions), there should be 
a rise of temperature at all levels in the upper troposphere (above the top 
of the emission layer) and lower stratosphere, the rise of temperature being 
a maximum at the level of the summer tropopause, 
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All these facts lend strong evidence for the existence of the “ Emission 
Layer” in the upper troposphere and the seasonal variation of its altitude 
depending upon the moisture content of the atmosphere. 

11 Effect of Ozone Absorption on the Temperature of 
THE Lower Stratosphere 

Above the level of the tropopausc, vertical transport of heat by convec- 
tion IS not possible, because of the extreme stability of the thermal strati- 
fication. Hence the temperature of the lower stratosphere should be condi- 
tioned mainly by the balance between absorbed and emitted radiation In 
addition to the part played by water vapour and COj at these levels, the 
absorption and emission by ozone whose average height has been estimated 
to be between 20 and 25 km baa no doubt to be taken into account in 
considering the radiative equilibrium of the lower stratosphere. Ozone has 
a strong absorption band between 0*22 and 0 33 wherein the incoming 
solar radiation has appreciable energy. Probably almut 5% of the incoming 
short-wave radiation is absorbed by ozone Again, ozone has another 
absorption band in the infra-red at 9- 5 ft It is significant that this band is 
close to the wave-length of maximum energy in terrestrial radiation, while 
water vapour is transparent for radiation of the same wave-length A de- 
tailed discussion of radiative phenomena in the stratosphere is unfortunately 
not yet possible because of gaps in our existing knowledge regarding the 
absorption spectrum of water vapour under stratospheres conditions as well 
as of the water vapour content of the stratosphere 

Summary 

The theory of radiative equilibrium demands that on the average the 
total amount of energy absorbed by the earth and its atmosphere in the form 
of short-wave solar radiation should be exactly equal to the total amount 
of energy given back to space m the form of long-wave heat radiation. 
From a study of the absorbing and radiating properties of the atmosphere, 
F. Albrecht arnved at the fundamental result that the major contribution 
to the long-wave heat radiation into outer space originates from a layer of 
some three to four kilometres thickness in the upper troposphere, which 
he designates as the “ Emission Layer ”. The emission layer is thus a portion 
of the upper atmosphere which is continually cooling due to radiative loss 
of heat The height of the emission layer is a function of the water vapour 
content of the atmosphere ; it is more when the atmospherp is hot and humid 
gnd I 9 SS when the atmosphere js cold and dry. 



Evidtnc* for Exuitnct of "Emisston Layer " tn Atmosphere 1 1 3 


The author has made a detailed study of the thermal structure of the 
atmosphere over Agra based on the results of sounding balloon ascents over 
a period of ten years. A number of interesting features find a ready expla- 
nation on the assumption that the emission layer over Agra is located 
approximately between 1 1 and 14 gkm. m the monsoon months and between 
8 and 11 gkm. during the remaining months.— an assumption in conformity 
with Albrecht’s work. The observed seasonal vanations in the thermal 
structure of the atmosphere over Agra thus lend strong evidence for the 
existence of the emission layer in the atmosphere and the variation of its 
altitude depending upon the moisture content of the atmosphere 
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MfiASUR^MENT OP tHtt TOTAL PRECIPITABLti 
WATER IN THE ATMOSPHERE ABOVE POONA BY 
MEASUREMENTS OF ABSORPTION IN THE 
NEAR INFRA-RED 


By K. L. Oaou, M.Sc. 

(From the AtnaUtural Meloorohgy SeelUm, Meloorological Office, Poooa) 

R«c«ived December 26, 1943 
(Com«nnk»»d b; Dr L A, RinxUi, 1 4 . 1 c ) 

1 iMTRODUCrON 

A KMOWtEDOB of the quantity of water vapour present at any moment in 
different air layers of the atmosphere above a station is of fundamental 
importance to the meteorologist The humidity records obtained from 
sounding-balloon meteorographs sent up in the atmosphere give some indi- 
cation of the variation of humidity with height; but the use of the hair 
element for the measurement of humidity has not been found to be quite 
satisfactory The problem of improving the method of recording humidity 
IS engaging the attenuon of many workers. 

The posstbihty of estimating the total precipitable water m the atmo- 
sphere by a spectroscopic method was ffrst demonstrated by Fowle^ by usmg 
his laboratory measurements of the absorption coefficients of water vapour 
in the bands in the near infra-red. The spectroscopic method does not 
indicate the distribution of water vapour with height, but does provide a 
rapid means of estimating the total water content of the atmosphere above 
a staUon whenever the sun is not obscured by clouds. The method has 
been used by a number of workers. The necessary apparatus was set up 
at Poona towards the end of 1939, and some measurements recorded m 1940. 
During 1941 the measurements were made regularly and the data obtained 
are discussed here A desCTiption of the experimental arrangement, the 
method of taking the records and some typical results are given m the foUow- 
mg sections. 

2. Apparatus and Method op Observation 

The apparatus (sec Fig. 1) consists of* — 

(i) a locally constructed spectrograph, L, and L, being the collimating 
and focussing lenses respectively and P a flint glass prism (an equilateral 
one) with base 7*8 cm. and hi^t 4cm.; 
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(u) an ordinary hetiostat H with a front silvered mirror, to direct the 
sun’s rays into the slit S of the spectroscope after being condensed by the 
lens L«: 

(ill) a Moll’s micro-thermopile (with a glass window and a vertical sht) 
mounted on the carriage of a travelling microscope capable of honzontal 
movement along the focal plane RV of the spectroscope, and lastly 

✓ 
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(iv) a sensitive Moll galvanometer (period second) (connected to the 
thermopile), with a lamp and scale arrangement for reading the deflections 
It may be pointed out that glass is sufl)ciently transparent m the near infra- 
red region of the spectrum in which we arc interested and that the whole 
experimental set-up has, when sunlight is focussed on the spectrogr^h, 
a maximum sensitiveness in the wavelength interval 0 75 ft to 1-2 ft, the 
deflection decreasing rapidly on cither side, ie.. when the thermopile is 
shifted towards the visible region or towards wavelengths greater than 1 •2ft. 

Fig. 2 IS a typical curve showmg the deflections in cm. on the scale 
against the readmgs of the travelling microscope in cm. The positions of 
the various important absorption bands aie indicated in the figure It may 
be noticed that the chief water vapour absorption bands arc 
at 1 47 n 
>/> at 1 '42 ft 
^ at lM3>t 
f> at 0*93 fi 
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Fowle’s absorption measurements in the laboratory with columns of moist air 
a few hundred metres long (using Nemst glowers as the source of radiation) 
were naturally confined to the intense absorption bands p and In these 
measurements Fowlc reached values of water content up to 0 5 cm. of 
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prccipitablc water, W He extended the measurements to larger values of 
W by workuig at Mount Wilson with the sun as the source and with air 
masses up to 3 5. / e , at different zenith distances of the sun. Fowle’s trans- 
missibility values for the bands ^ and have been correlated with the trans- 
missibility values at the relatively weaker band at p (0 93 p) so that the trans- 
mission of radiation at the p band may be used for computing the values of W. 
Fig. 3 gives the transmissibility at ip’ plotted against that at p as given by 
Pierre Lejay* and Fig 4 gives the transmissibility at against the values 
of W (precipitable water m cm ) as given by the same author In our 
measurements we have recorded the transmission at p and used Figs 3 
and 4 for computing W. The advantage in using the /> band is that the 
variations in the absorption at different times or dates are larger and are 
recorded more accurately as the deflections m this region are comparatively 
larger than at the other bands The base Imc m Fig. 2 is obtained by 
screenmg the radiation from the instrument The transmission at p is 
obtained as the ratio of CD to O'D in Fig. 5 where OX is the base line, 
A and B are the maximum readings on cither side of the band giving O' as 
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the point for 100% transmission and C is the muumum deflection correspond- 
ing to the centre of the absorption band p 

3. Data Recorded and a Brief Discuswom of 
Some of the Main Results 

The observations were recorded whenever sunshine unobscured by 
clouds could be focussed on the spectrograph During clear weather the 
observations could proceed regularly at more or less fixed times, during 
cloudy weather one had to w ait for openings m the cloads. On oany or most 
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of the days during the wet season no observations were possible. During 
the period Sieptembcr to June the records are available for some days; the 
number is large during the period November to April and small in September 
and October and June During June to Septem^r, attempts were made to 
observations during the rare occasions when the skies cleared tempo- 
rarily. 

Table I gives the observations recorded at different hours during the 
17th February 1941 These lUustrate the process of computmg the values 

Tabu I 


Example giving observations recorded on the llth February 1941 and 
the method of computing W 



of W, the depth of the total precipitable water in oenUmetres, in a verUcal 
column of the atmosphere 1 sq. cm. in cross-section extendmg up to the 
outer limit of the atmosphere. It will be noUced that when the sun is at a 
KHith distance e, the value obtained is W sec. 0, and that W is obtained by 
dividing W sec. by the air mass sec 9 at the time of observation. The dry 
bulb and wet bulb temperatures D.B , W B , were recorded with an Assmann 
Psychrometer near the instrument and the values of the vapour pressure . 
rdidive hunddity are abo given in the table, 
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(a) Seasonal and diurnal variation of W —Table II gives the mean daily 
values of W in cm. in diflferent months of the period February 1941 to 
Table II 


Mean value of W in cm. m (Afferent months during different hours of 
the day during the period February 1941 to January 1942 
(nl is the number of observations on which the means are based. 



January 1942 (one year) at different hours of the day The figures within 
brackets indicate the number of observations on which the means are based. 
The table based on observations so far recorded gives some idea of the 
diurnal variation of W in different months of the year The values arc 
comparatively small, generally < 2 cm. dunng the iiy season October to 
April. After Apnl there is a rapid increase towards June, when the south- 
west monsoon sets in. All the avatlablc observations from June to August 
mdiate values higher than 2 cm , they are higher than 2-5 cm and often 
3-0 cm. or more during wet spelb (ie.. individual occasions) Looking at 
the n vB " values of W at different hours, one finds that there is a tendency 
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for the values of W to increase In the afternoon and m some months like^ 
March, April, June and September a tendency later towards the evraing for* 
W to decrease On individual days the effect of sea-breeze is perceptible. A 
study of W in relation to the properties and sources of the air masses at 
different levels is being attempted. 

(6) Mid-day or noon values of W —The noon values of W are recorded 
when the incoming solar rays are normal or nearly normal to the atmosphere, 
i.e , the air mass is nearly unity The seasonal variation of W is brought 
out clearly in Fig 6 where the noon values of W are plotted as dots against 
the dates for which the data are available during the period February 1941 
to January 1942 The dots cluster about a mean value of W which is low in 
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Winter (lowest values are recorded in December) as may be seen from the 
two ends of the diagram The value of W increases m summer and attains 
a maximum value during the middle of the monsoon season (July-August). 
The lowest value of W so far recorded was 0 46 cm. on the 2nd December 1941 
and the highest value was 3 97 cm recorded on the 4th June 1941. During 
the monsoon months the number of occasions when observations could be 
recorded was small ; the seasonal tendency is, however, shown even by the few 
dots plotted against these months It should be pointed out that the values 
of W recorded dunng the short mtervals of clear weather dunng the mon- 
soon would be smaller than those during the rest of the season, so that they 
should be taken as the lower limit of W dunng the rainy season 

(c) Mean daily values of Win different months of the year-, a comparison 
of these with values of W estimated by other methods. — Columns 2, 3 and 4 
in Table EH give the mean daily values of W during different months of the 
year as computed from the spectroscopic observations dunng the hours falling 
withm the zenith distance of 60” of the sun before and after noon. The 
available data are given separately for the years 1940, 1941 and 1942. The 
ftgures mside brackets below the values of W indicate the number of observa- 
tions on which the mean values are based. It may be noticed that the valties 
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of W m February, March, April, October, November and December given 
for both 1940 and 1941 more or less agree with each other. The seasonal 
vadation, as already pointed out, indicates a minimum in December and a 
maximum during the monsoon season (June-August) In the 5th column of 
Table III are given the values of W computed from the normal values of e, 
the vapour pressure in mm. of Hg and T the Umperature in degrees absolute 
at different levels above ground based upon 10 years’ sounding balloon 
records. These computations were made according to the formula: 

8 W » 8A/T X -622 </2 8703 x 10* cm., 
when 8 W IS the precipitable water in the height interval Aj to A, or 8A (cm.) 
at mean temperature of T" A and having a vapour tension e (expressed in 
miaibaiv). W is obtained by adding up the values of 8W for the difl’erent 
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hei^t intervals. The values of W are nearly of the same order of magnitude 
as the spectroscopic values only in the first three months of the year During 
the rest of the year the values computed from the sounding balloon records 
arc higher This difference may partly be due to the fact that while the 
spectroscopic values refer only to spells of clear weather, the sounding balloon 
data arc available for all types of weather 

The values of W given m columns 7 and 8 are based on Hann’s* formula 
W <* 2 - 1 e, where e is the vapour pressure at the surface in cm of Hg The 
values computed from (11 the data of e dunng the period 1941*42 and (2) the 
normal values of * based on past 50 years* records are more or less similar. 
They are not so high as those based on the sounding balloon records but are 
somewhat higher than the spectroscopic values 

Lastly, in column 6, we have given the estunates of W obtamed from the 
measurements of the nocturnal heat radiation falling on unit area of a hori- 
zontal surface made with an Angstrom’s Pyrgeometer at Poona during clear 
nights. It 18 well known’** that the raUo of S, the heat radiation received 
from the night sky to the black-body radiation o T* emitted by the same 
surface at a temperature of T* A is given by 

S/aT*=»A-B10-^ 

where A, B and k are constants whose values are 0 77, 0 28 and 0-33 res- 
pectively and W is the precipitable water m the atmosphere (cm.). The values 
of W computed from the above formula, knowing all the factors except W, 
are slightly higher than the values given in columns 7 and 8, but smaller than 
those given in column 5. The estimates of W from the heat radiation data 
are not strictly comparable with the day estunates obtained spectroscopically 
The comparative values of W given in Table III show that the spectroscopic 
values are smaller than the other estimates It may be mentioned that dunng 
the month of November 1940 there were a number of days when sounding 
balloons had been let off at Poona and when the values of W had also been 
let off at Poona and when the values of W had also been determmed by the 
spectroscopic method The values of W obtained by the two methods are 
given in Table IV below in the order of mcreasing values of W 

The spectroscopic values are roughly half of the values obtamed from the 
sounding balloon data. It is hoped that, with further improvements m 
these two methods of measurements, the real source of difference will be 
located. It is more than possible also that Fowle’s original relation between 
W and the transmissibility of radiation at the and p bands may require 
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Table IV 



The vanations m W from day to day are, however indicated un- 
misUkably by the spectroscopic measurements which have the great advantage 
that the results are available immeduitely to the weather forecaster This 
aspect IS dealt with in the next section. 

4 W IN Relation to Some Weather Phenomena 
(a) Effect of sea-breeze.— On many days during the pre-monsoon months 
the sea-breeze with a westerly component replaces the air of land ongm. 
On some of these occasions the marked contrast in the moisture contents 
of these air masses brmgs about an increase of W, after the sea-breeze sets 
m An example is given m Table V ; the data refer to the 3rd of April 1941. 



(b) Prior indications of wet weather as given by W —The use of W m 
the prediction of local weather at Poona and its neighbourhood was tried 
out during the current year. It was found by experience that on some days 
durmg the pre-monsoon months and on a few days in September of the year 
1941, an increasing tendency m W did give an mdication of the following 
wet weather. It appears that the measurements of W, whenever possible, 
would be of some a^ m the prediction of local weather. For example, the 
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first rainfall during the year 1941 occurred on the evening of the Ist April 
1941, in association with a thunderstorm. The observations on this date 
showed a progressive increase in W. These are given in Table VI. 

Tabus VI 



Again, It may be remarked that the mean values of W day by day during 
the penod 26th May to 26th June indicated the gradual onset of the monsoon 
on the 4th June, its weakening after the spell of ram up to the 9th June, the 
prevalence of a drought which persisted up to the 25th of June when the 
monsoon strengthened once again The data during the above period are 
given m Table VII. 

Table VII 
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30- 3-1941 
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19- 6-1941 

20- 6-1941 

21- 6-1941 

22- 6-1941 

25- 6-1941 
24-6-1941 
36-6-1941 

26- 6-1941 


a Cl 0716. 4 C. .1 1S80 hi. 

T Cl 1030 to 1300 bn 

7 C. ud Cl «t 0700, 8 Ca .t 1330 and sllshl ri 


0 Ca Cl at 0723 to 1230, 3 Ca at 1730 hi 
V.I1 Ilka cloud 1330 to 1700 hn 


Thick Cl Tail at 0703 hra. 

Monaooa ra-aatabllahed with alight rain on SSth a 
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CONCUnHON 

The investigation is being continued. A more detailed discussion of 
the vanous aspects of the subject has been given in a thesis submitted to the 
Bombay University. 

The author wishes to thank Dr L. A Ramdas, for suggesting the prob- 
lem and for guidance durmg the investigation and the Director-Oeneral 
of Observatories for ptmussion to work in the Meteorological Office, Poona. 
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A METHOD OP ESTIMATION OF THE THICKNESS 
OP THE “LAMINAR" LAYER ABOVE AN 
EVAPORATING WATER SURFACE 
By L A Ramdas and P K Raman 

(From the Meteorological Office, Pootta) 

Received Oecember 26, 

I. Introduction 

When a current of air flows horizontally over a surface of water there are, 
as is well-known, (i) a " laminar *’ or “ boundary " layer adjacent to the 
water surface, in which the air movement is stream-lined in character and 
(u) a turbulent or eddying layer above the laminar layer in which there 
is a considerable amount of mixing The thickness of the laminary layer 
decreases rapidly with increase in the mean velocity of air current 

In the laminar layer AB to CD (Fig. l)the variation with height of factors 
like temperature, vapour pressure and wind velocity may be assumed to 
be Imear ; the transfer of momentum, water vapour or heat in the laminar 


D 


Fw 1 

layer will be due to molecules, whereas in the turbulent layer the eddies 
take a major part in such transfer It is significant that the heat transfer 

between the air and the water surface will be k x ^ where k is the molecular 

heat conductivity of air (5*77 X 10-*) and ^ is the thermal gradient in the 

laminar layer With the above assumptions and from a knowledge of (a) the 
rate of evaporaton, (b) the vertical temperature gradient between the water 
surface and a series of points above the surface, and (c) the temperatures of 
the water surface and the surrounding room It is possible to estimate, under 
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certain favourable conditions (when the heat of evaporation is supplied 
entirely by the air and by radiative exchange), the thickness S of the laminar 
layer and its dependence on the mean wind velocity The present paper 
discusses the resulU obUined in a preliminary investigation on the above lines 

2 The Vertical Change of Temperature Inside and Above a 
Layer of Water 

If a vessel containing water is kept exposed to the air, the variation of 
waUr temperature with depth and of the air temperature with height above 
the water surface will depend upon the mean temperature of the water layer, 
the difference of temperature between the water and the air above, the wind 
velocity and the rate of evaporation Fig. 2 shows the vanation of 
temperature when measuremoits were made with water at different mean 
temperatures. The general air temperature in the room was sensibly constant 
during these experiments The measurements of the water temperature 
at various depths and of the temperature of the air just above the water 
surface at various heights above the surface were repeated in quick succession 
for various values of the mean temperature of the water layer. 



Fw 2 . 

A water reservoir 24 cm in diameter and 10 cm. deep was filled with 
water at the required tempereture The water was stirred well and then 
allowed to come to rest. After the water column had come to rest and the 
condiuons above and below the water surface had become steady, the 
temperature measurements were made The temperatures were measured 
by using a senes of fine copper-constantan (50 S.W O ) junctions connected 
to a suitable switchboard and a common junction at a standard temperature. 
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Each junction could be connected in turn to a Moll galvanometer and the 
deflections recorded in quick succession. The values of temperature 
were read off from the calibration curve of each junction (previously 
determined) All the juncUons were kept horizontal, except the one 
m contact with the water surface which was vertical with the sensitive point 
approachmg the surface from below the water surface In Fig 2 the dry 
bulb and wet bulb temperature of the air in the room (well away from the 
water reservoir) recorded with an Assmann Psych rometer together with 
the vapour tension and the relative humidity are also indicated Curves 
1 to 8 refer to the different mean temperatures of the water column. As is 
to be expected, all the curves tend to meet at a sufficient height above the 
water surface In Curves 1 and 2 the temperature decreases gradually as 
one approaches the water surface from below The most rapid fall occurs 
in the first few mm above the water surface ; thereafter the fall of tempe- 
rature IS more gradual Under these conditions the water column supplies 
heat to the water surface for the evaporation process as well as for warming 
the air layers above it 

Curve 3 refers to the case when the surface of the water is at the same 
temperature as the air above. Here there is no gradient of temperature 
above the water surface, so that the heat required for evaporation is 
supplied entirely by the water column In Curve 4 the mean temperatures 
of the air is the same as that of the waUr column Here there is a fall of 
temperature as we approach the water surface both from above as well as 
below, so that the heat required for evaporation is arrivmg by conduction 
both from the air as well as tht water column Curve 6 is the most 
interesting, as the whole water column tends to remain at a uniform 
temperature The air temperature increases with height above the surface 
and the heat required for evaporation is obtained entirely by conduction 
from the air above the water surface (and by the heat gained by radiative 
exchange between the surface and the surroundings) 

With further decrease of the mean water temperature (Curves 7 and 8) 
the temperature mcreascs as one approaches the water surface from below 
and continues to increase with height above the water surface Here the 
heat conducted from the air is used partly for evaporaffon and partly for 
warming the water layer as well. When the mean temperature of the water 
column Is at or below the dew point water vapour begins to condense on the 
water surface adding a further contribution of heat. 

In the rest of this paper we deal only with evaporation under the simple 
conditions defined by Curve 6 in Fig 2 it must be remembered that no hea 
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IS then lost by the water ; the heat required for evaporation is 
entirely by (a) conduction from the air and {b) radiative exchange* with 
the surroundings. Under these simple conditions we have 


where L is the latent heat of eviqx>raUon, 

w IS the evaporation in grasunes per second, 
k IS the molecular thermal conductivity, 

T, and T, are the temperatures of the water surface and of the 
walls of the room (the same as the temperature of the room 
air), 

o IS the Stefan Boltzman constant. 

In the above expression, L is known, w, T# and can be measured 
directly, <r is known, so that the factor k ^ can be computed This has 
been done for a number of wind velocities These data have been used 
for estimating the thickness 8 of the laminar layer, as will be clear from 
the next section 

3 Estimation of the Thickness of the Laminar Layer 

The experimental arrangements are the same as in Section 2. The 
water reservoir is protected at the sides by a layer of heat insulatmg material. 
In all the experiments the water layer is brought to the isotherinal condition 
as defined by Curve 6 oj Fig 2. The rate of evaporation is measured by 
keeping a sc^l circular dish 26-42 sq.cm m area at the centre of the water 
surface with a layer of water mside adjusted so as to be at the same level 
as that of the water surface outside. TWs vessel is weighed before and after 
each experiment, care being taken to dry the outside and keep the vessel covered 
during weighing The wind velocity is regulated by means of an adjustable 
electric fan with a wirc-^uze shield in front to reduce major fluctuations 
After starting the fan and verifying that the water m the reservoir is isothermal, 
the surface temperature and the air temperature at I, 2. 3, 5 mm. above the 
water surface as well as the temperature of the air m the room were measured. 
Table I gives the results of a series of experiments at different wind velocities. 
The first column gives the mean rate of evaporation dunng the period of 
half to one hour usually taken to complete each expenment. The total 

* Botli tbs wsMT wifioe and tba walla of tbs room act UIm “ black ” bodi« In the 
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evaporation divided by the tune m seconds and by the area of cross-section 
of the floating vessel is of the order of 30 xlO-’ to 65 x lO’’ gr./cm * sec 
for the range of velocities which arc indicated in column (2) m metres per 
second The relative humidity of the air as measured wiib the Assmann 
Psychrometer is given in column (3) Column (4) gives the isothermal tempe- 
rature of the water column (also temperature of water surface) The room 
temperature well away from the evaponmeter is given in the neirt column 
Columns (6) to (9) give the umperature gradients between 0 (surface) to 
1 mm. (above surface), 0 to 2 mm. 0 to 3 mm. and 0 to 5 mm in °C. per cm 
Column (10) gives the values of the difference between the heat Lw used up 
for evaporation and the heat gamed by the surface by radiative exchange with 
the surroundings. This difference \lw-a (T*. - T*,)] is equal to the heat 
JWT/dZ transported to the water surface by molecular conductior 
across the lammar layer The evaporation and temperature measurements 
thus give us an estimate of the heat gamed by conduction. We do not know 
the value of dTIdZ in the laminar layer directly, but the values of column (10) 
divided by the molecular heat conductivity of air (5-77 x 10-*) give us 
estimates of this gradient; these arc given in column (15). 

It IS well known that the gradient of temperature efT/dZ in the laminar 
layer will be much higher than that above It If the mean temperature 
gradienu between 0 to 1 mm.. 0-2 mm.. 0-3 mm. and 0-5 mm. are computed 
it will be found that as we gradually increase the distance between the water 
surfoce and the point of reference above it, the values of mean temperature 
gredient will ckcrease. If the figures given in column (10) ate divided by 
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the apparent mean temperature gradients given in columns (6) to ( 9) we ge 
estimates of the apparent heat conductivities given in columns (11) to (14) 
In Fig. 3 these values of apparent conductivity are plotted against the distance 
between the surface and the point of reference used for computing the 


fs 
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apparent temperature gradients The values for each wind velocity he along 
a straight line, which can be produced to cut the vertical line at 5 77 x 10^, 
the molecular heat conductivity These points of intersection give estimates of 
the thickness S of the lamina layer within which molecular heat conductivity 
must prevail, The values of 8 are given in column (16) The values of 
(fTIdZ X 8 representing the total fall of temperature in the laminar layer 
are given in column (17) In the last column the values of the ratio of the 
fall of temperature in the laminar layer to the total fall of temperature from 
the air to the water surface are given It will be seen that on an averse 
about 6/10 of the total fall occurs in the laminar layer. The effect of mcreasing 
wmd velocity is to increase the temperature gradient in the lammar layer m 
which about 6/10 of the temperature variation with height occurs. 

Fig, 4 shows how 8, the thickness of the laminar layer, vanes with the 
wind velocity v 8 decreases with v rapidly at first and more gradually there- 
after It was difficult to carry out measuronents for v>2-0 metres per second. 
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as the water surface began to get agitated at higher wind velocities , by 
extrapolation it is easy to sec from Fig. 3 (dotted portion) that 8 may decrease 
to 0-025 cm. at a wind velocity of 3 metres per second The rapid increase 
of 8 with decrease of v towards zero is also obvious. 

4 Summary and Conclusion 

The present paper indicates a simple experimental method of estimatmg 
the thickness 8 of the laminar layer of an evaporating water surface at different 
wind velocities. When the water layer is adjusted to be isothermal (vide Curve 
6 of Fig 2) the heat Lw required for evaporation comes entirely by molecular 
conduction across the laminar layer k <nidZ and by exchange of radiation 
ctT/) with the surroundings From estimates of rfT/i.Z using mcreasing 
hei^t intervals between the surface and the next level of reference, it is possible 
to calculate a series of k's which fall on straight lines, when plotted against 
the corresponding values of AZ. The values of AZ given by the points 
of intersection of the above lines with the vertical line at A:= molecular 
conductivity, give estimates of 8, the thickness of the laminar layer. 

Further work on these lines is m progress 
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FUVONBS and flavonols derived from l,2.3-4-tttra-hydroxy-b«nzenc have 
not yot been isolated from natural sources But they form a senes having 
three contiguous hydroxyl groups (6:7:8) m the benzo-pyrone part some- 
what parallel to those denved from 1-2 3 : 5-tctrB-hydroxy-benztnc with 
the 5:6:7-arrangcmeiit of hydroxyls The difference in properties and 
reactions which this difference in structure may give rise to, is of interest 
and this information was required in connection with the study of plant 
pigments in progress m these laboratories. For purposes of comparative 
study the flavones of this type isomeric with baicalein and scutellarein have 
been synthesised and their properties desenbed in this paper The starting 
material for the present synthesis is 2-hydroxy-3 4: 5-trimethoxyacfto- 
phenone (D prepared according to the method of Baker ’ 


OCH, 


OCH, 


HoY 'l-OH 

)-COCH, 


■OH 

■COCH, HO-l J- 


i-OH CH,0-(' '^-OH 
■COCHi CH|0'(^^-COCM, 


The conversion into the flavones is effected by adopting the Baker-Venkata- 
raman procedure • The 0-benzoyl or amsoyl compounds (11) are con- 
verted into the corresponding dikitones (ID) by means of sodamide and the 
final nng closure to the methoxyflavonts (IV) earned out by heating with 
sodium acetate and acetic acid Demethylation with hydnodic acid yields 
the hydroxyfiavoncs (V) They have also been characterised by the pre- 
paration of their acetates 


OCH, 


CH,0-V^-C0CH, 

(II) 


OCH, 

I 
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(IV) (V) 


R-H. OH orOCH, 

Structurally the new flavonca have a hydroxyl in the 8-position in the place 
of the one present in the 5-position of baicakin and scuttellarein Regarding 
fluorescence in concentrated sulphuric acid the two pans resemble and they 
give very little emission. The hydroxy compounds exhibit no fluorescence; 
among the ethers there is feeble emission only from 6:7. 8 : 4'-tetramethoxy- 
flavone In alcohohe solution neither the hydroxy compounds nor the 
methyl ethers give any fluorescence This is m accordance with expectations ; 
It has been noted* that the 8-position mcoumannsand flavyhum salts is as 
mhibhive of fluorescence as the S-position 

The isomenc compounds differ markedly in alkali colour reactions 
Baicalein and scutellarein give bright green colour, the former yielding also 
a precipitate The 6 : 7 : 8-hydroxy-compounds arc more easily soluble 
and give a yellow colour in sodium carbonate and orange-red in sodium 
hydroxide solution The ferric chloride colour is also different The 
6: 7: 8-compounds give a deep-green colour rapidly changing to givenish 
blue, whereas baicalein and scutellarein give a greemsh-brown, the green 
colour not being prominent. The reaction of the new flavones with sodium 
amalgam in alcoholic solution (Bargellini’s test) is also somewhat different. 

After the above work was completed, an abstract of a paper by Bargellmi 
and Oliviero on the synthesis of 6:7: 8-hydroxyflavoni.s and flavonois 
appeared in the British Chemical Abstracts * They adopted a different method 
as indicated below. The meltmg points of the final products and their 
denvatives as recorded by them agree with ours 



Experimental 

2rB«nxoyloxy-b : 4 : S-trimethoxy-aeetophenone (JIR- fO-— 2-Hydroxy- 
3 ; 4 :S'trimethoxyacetophenone (I, 2'5g.} was treated with dry pyrkUne 
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(lOc.c) and btnzoyl chloride (2c.c) and shaken well for 10 minutes. The 
mixture was then heated on the water-bath for 20 minutes and added to 
ice-waler containing a few cc of dilute hydrochloric acid The benzoyl 
derivative separated as an oil which quickly solidified to a brown sobd on 
stimng. It was filtered, washed with very dilute hydrochloric acid and then 
dissolved in sufficient quantity of ether. The ether solution was successively 
washed with dilute hydrochloric acid, aqueous sodium carbonate and sodium 
hydroxide to remove benzoic acid and unchanged ketone It was once 
agam washed with dilute hydrochloric acid and water and dried over calcium 
chloride Distillation of the solvent yielded the benzoyl derivative as a 
colourless crystalline sohd which was collected and recrystallised from alcohol 
and benzene It was obtained as stout irregular prisms and melted at 
127-28° Yield, 2 Og The substance gave no colour with feme chloride 
in alcoholic solution and was insoluble in cold aqueous sodium hydroxide 
(Found C, 65 3, H, 5 3, C,aHi,0, requires C, 65 5, H, 5 5%) 

2-Jfydroxy-3 4 S-trlmethoxydibemoylmethane (III, H) —A solution 
of the above compound (2 g ) in dry toluene (20 c c ), was treated with sodamide 
(8g) finely powdered under toluene. The mixture which rapidly turned 
yellow, was vigorously stirred for ten minutes and heated on the boiling 
water-bath for 4-5 hours with frequent shaking The yellow solid product 
was then filtered, washed well with warm benzene and cautiously added with 
stUTing to crushed icc When the unreacted sodamide was completely 
decomposed, the yellow solution was filtered to remove any insoluble matter 
and saturated with carbon dioxide. The dibenzoylmethane separated as a 
bright yellow oil A further small quantity of it was obtained by extracting 
the toluene filtrate with 5% aqueous alkali and saturatmg the alkaline solution 
with carbon dioxide Both the lots were taken together in ether and the 
clear ether solution dried over sodium sulphate. The solvent was then 
distilled when it left an oily product which did not solidify even when allowed 
to stand in the refrigerator for 24 hours It was therefore directly used for 
conversion into the Inmethoxy-flavone. Yield, 0 6 g It dissolved in 
aqueous sodium hydroxide to give a bright yellow solution and its solution 
in alcohol developed a bluish-green colouration with a drop of feme chlonde. 

6.1:S-Trtmethoxy-fiavone (IV. R ’-/O— The crude dibenzoylmethane 
(0 5 g ) was dissolved in glacial acetic acid (8 c c ) and to the solution was 
added fused sodium acetate (2g.) The mixture was gently boiled over a 
wire-gauze for 4 hours, cooled and diluted with water (80 cc). A small 
quanUty of the trimethoxy-flavone separated as a crystalline solid. It was 
filtered and the filtrate extracted with ether. The ether extract was catefhlly 
3 ha)cen with 5% aqueous sodiujn carbonate to remove acetic acid and then 
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washed with water On distilling off the solvent, more of the flavone was 
obtained as a colourless crystalline solid The combined product was crystallised 
from dilute alcohol. After a further crystallisaUon from ethykcctate-hght 
petroleum mixture, the tnmethoxy flavone was obtained as aggregates of 
prismatic rods and melted at 144-45“ (Bargelhni and Oliviero* give m.p. 
146“). Yield, 0-3 g. It was readily soluble m the common organic solvents 
and gave an orange-yellow colour with magnesium and concentrated hydro- 
chlonc acid in alcohohc solution Its solution in concentrated sulphunc 
acid was yellow and exhibited no fluorescence (Found. C, 69 0, H, 5 3; 
QgHi«0, requires C, 69 2, H, 5 1%) 

6 7 i-Tnhydroxyflavone (V. R -= H).—A solution of the tnmethoxy 
flavone (0-25 g ) in acetic anhydnde (5 c c ) was treated with hydnodic acid 
{d,\ 7 , 5 c c ) and the mixture heated at 130-35“ in an oil-bath for 2 hours 
It was then cooled and poured into water containing sulphurous acid The 
precipitated yellow solid was collected, boiled with water and crystallised 
from alcohol. Yield, 015g On recrystallisation from alcohol the tri- 
hydroxyflavonc was obtained as straw-coloured recungular micaceous 
plates and melted at 280-282“ with slight decomposition (Bargelhni and 
01ivicro‘ give m p 280“ decomp ) Its alcohohc solution developed a greenish- 
blue colouration on the addition of a drop of feme chloride ; with excess of 
the reagent a brown precipitate was deposited slowly It dissolved in con- 
centrated sulphuric atid to an yellow solution which exhibited no fluorescence. 
With lead acetate in alcoholic solution it gave a bright orange-yellow precipi- 
tate, and with magnesium and hydrochloric acid lU alcoholic solution deve- 
loped an orange colouration When treated with sodium amalgam in 
absolute alcohol the trihydroxyflavone gave a green solution and a flocculent 
green precipitate which slowly turned brown (Bargellim’s test). It dissolved 
in aqueous alkali to give a brownish-ot^ge solution which gradually faded 
in colour ; no green flocks separated. With dilute ammonia it gave an yellow 
solution (Found in a sample dried at 120“ for 2 hours In vacuo: C, 66-5; 
H, 3 9 C,(HigOg requires C, 66-7, H. 3 7%) 

The triacetate was prepared by heating the above hydroxy-flavonc (0 - 1 g ) 
with acetic anhydride (5 c c ) and fused sodium acetate (1 g ) for two hours 
It was crystallised twice from ethylaoetate and was obtamed as stout flat 
needles meltmg at 207-08° with previous sintering at 202“ (Bargellini and 
Olivkro* give m p 197-98°) (Found: C, 63 7, H, 4 3 C,,Hi,0. requires 

C. 63 6, H,41%) 

l-Ani3oyloxy-‘i : A:5-trimethoxy-acetophenone (//, A = OCIif*).— The 
hydfoxyketone (I, 2-5 g.) was treated with dry pyndme (10c.c,) andamsoyl 
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chloride (2c.c.) and the mixture heated on the boding water-bath for 30 
minutes. The product was worked up m the same way as described for the 
benzoyl derivative. The crude O-amsoyl compound was a colourless solid 
which was purified by crystallisation from alcohol and then alcohol-benzene 
mixture. Yield, 2*0 g. A final crystallisation from alcohol yilcdcd elongated 
rectangular plates and prisms melting at 114-1 5® It did not dissolve in 
cold dilute aqueous sodium hydroxide and gave no colour with feme chloride 
in alcoholic solution (Found : C, 63 • 1 ; H, 5 • 8 CuMmOt requires C, 63 • 3 ; 
H, 5-6%) 

l-Hydroxy -^ : 4 . 5 . A'-tetramethoxy^dibentoylmethme (III, R - OCH^ — 
The above 0-anisoyl derivative (2g.) in dry toluene (20 cc.) and sodaimde 
(8g.) Were used for the rearrangement Tlic dikctonc was obtamed as a 
heavy oil (0-7 g) which showed no tendency to solidify even when kept in 
the refrigerator for 24 hours and was therefore directly used for conversion 
into the tetramethoxyflavone. The substance dissolved in aqueous sodium 
hydroxide to give a deep yellow solution In alcoholic solution it gave a 
greenish-blue colour with feme chloride 

b'.l'iA'-Tetramethoxyflcnone (IV, R - OCT/,) —Ring closure of the 
above diketone (0 • 5 g.) was i filet ed by heating with glacial aatic acid (5 c.c ) 
and fused sodium acetate (1 g ) according to the procedure already described 
for the simpler case. The crude ttlramcthoxyflavone was twice crystalhstd 
from dilute alcohol when the pure compound was obtained as long colourless 
flat needles and melted at 179-80' (Barge Him and Oliviero* give mp 
175-78“) Yield, 0-3 g. It was readily soluble in the common organic 
solvents and its alcoholic solution developed an orange-yellow colour with 
magnesium and hydrochlonc acid It dissolved in concentrated sulphunc 
acid to give an yellow solution with a weak green fluorescence (Found: C, 
66*9; H, 5'5; C„H„Ot requires C 66 7; H, 5 3%) 

6:7:8: A'-Tetrahydroxyflavone (V, R - OW — The dcmethylation of the 
above tetramethoxy flavone (0 2 g ) was effected by boihng it for two 
hours with acetic anhydride (8 c,c.) and hydnodic acid (d, 1 7 ; 8 c.c.). TIk 
yellow solid obtamed on dilution with water containing sulphurous acid 
was collected and boiled with water and rccrystalliscd twice from alcohol 
The tetrahydroxyflavone was thus obtained as aggregates of pale yellow 
needles and narrow rectangular plates. YkW, 0'15g. It became orange 
red at 245“, dark brown at 300“ and did not melt down below 330“ (Bargellini 
and Ohvicro* give m p. 250“ with decomposition). It was moderately soluble 
in alcohol and acetone, and dissolved more easily in glacial acetic acid. Its 
alcoholic solution gave a greenish-blue colour with a drop of ferric diloride 
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and deposited a brown precipitate with a slight excess of the reagent. It 
solution in concentrated sulphuric acid was yellow and exhibited no fluores- 
cence. When treated with sodium amalgam in absolute alcohohc solution 
(Bargetlim's test), a greenish-brown precipitate was slowly formed. The 
flavone dissolved in ammonia to give an yellow solution and in aqueous 
sodium hydroxide to give an orange-red solution which gradually faded in 
colour (Found in a sample dned in vacuo at 120-25* for two hours: C, 
62-7; H. 3-8 C,iHioO« requires C, 62 9, H, 3 5%). 

The tetraacetate was prepared by heating the above compound (0-1 g.) 
with acetic anhydride (5 c.c.) and fused sodium acetate (2 g.) for two hours 
It was crystallised twice from acetone-ethyl-acetate mixture when it was 
obtained as thin long needles molting at 254-55* with slight sintenng at 
248“ (Bargellini and Oliviero* give mp 249°) (Found’ C, 610. H, 4 3; 
Ci,Hi,0,o requires C, 60 8 , H, 4 0%) 

SUMMAKV 

6:7. 8-Tnhydroxy and 6 : 7 ; 8 . 4'-tetrahydroxyflavon£s and theu- deriva- 
tives (methyl ethers and acetates) have been prepared starting with 2-hydroxy- 
3:4. 5-trimethoxyacetophenone and adoptmg the Baker-Venkataraman pro- 
cedure. Their properties and reactions have been studied and compared 
with those of the isomeric compounds, baicalein and scutellarein 
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CONSTITUTION OF PATULETIN 
Part III. A Study and SyntheaU of O-Pentaathyl Patuletin 
By L Ramachandka Row and T. R. Sgshaori 

(F^om Ikt DtpartmtM Chembtry. Andhra UnIwMiy) 

Racavad January 17, 1946 

In Part P patuktm, C„Hi,0„ the colouring matter of Tagetes patuh, 
shown to be a mono-methyl ether of queroetagetm. From a study of its 
properties and reactions and from a comparison with related compounds, 
the methoxyl was considered to be m the 6-position. This point has now 
been further investigated through the study and synthesis of pentacthyl 
patuletin and definite conclusions arrived at. For this purpose patuktm is 
fully ethylated by means of ethyl iodide and anhydrous potassium carbonate 
in anhydrous acetone medium The penta-cthyl ether is obtained as a 
colourless crystalline compound in good yield. When subjected to fission 
by means of alcoholic potash, it yields an acid which is identified to be 
0-dicthyl protocatechuic acid both by analysis and by comparison with an 
authentic sample The formauon of this acid as one of the products of 
degradation confirms the idea that the methoxyl should be situated in the 
benzopyrene part As the second product, an orthohydroxy acetophenone 
IS also isolated It is not identical with queroetagetol tetraethyl ether* and is 
found to contain three ethoxyl groups and one methoxyl 



(HI) (tv) (V) 

Since the properties of patuletin indicate that the 3- and 5-positions 
carry hydroxyl groups there are only two possibfc constitutions for the above 
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mentjoned ketone: (1) w : 5 : 6-tncthojqr-4-inethoxy-2rhydroxy-acetophenone 
(I) corresponding to the 7-metho*y formula for the flavonol and (2) o) . 4 : 6- 
tncthoxy-5-methoxy-2-hydroxy acetophenone (II) corresponding to the 
6-mcthoxy formula A ketone with the second alternative constitution has 
now been synthesised starting from phloroglucinol by the general methods 
described in Part II • Phloroglucinol is converted into <u-ethoxy- phloraccto- 
phenone (III) which is sul^ected to partial ethylaUon to yield «o • 4 6-tn- 
ethoxy-2-hydroxy-acetophenone (IV). This is found to be the same as the 
ketone obtained by Perkin* by the alkali degradation of quercetin-pentaethyl 
ether and called also hydroxy-fisetol-trkthyl-ether The above-mentioned 
procedure constitutes a convenient method for ite synthetic preparation 
Oxidation of this ketone with alkaline persulphate introduces a hydroxyl 
in the 5-position yielding the p-dihydroxy-ketonc (V) whose constitution 
IS based on well-known analogies and also supported by its properties By 
further partial methylation with dimethyl sulphate and potassium carbonate 
IS obtained a product, the reactions and properties of which indicate that 
It has the constitution (II) This synthetic ketone is found to be identical 
with the degradation product from pentaethyl patuletin Further con- 
densation of the synthetic ketone with 0-d»ethyl protocatechuic anhydride 
and sodium 0-diethyl protocatechuate yields a compound identical with 
penta-ethyl patuletin Therefore the position of the methoxyl group in the 
ethyl ether and consequently in patuletin is definitely fixed as the 6 and this 
is in agreement with all the properties and reactions of patuletin already dcs- 
enbed The above-mentioned transformations could then be represented as 
given below . 



The presence of methyl ether groups m the several available positions 
of anthoxanthins and related anthot^anJns should be of interest. In the 
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more fundamental 5; 7-hydroxy teriee »uch a* quercetin and others, th* 
methoxyl is found commonly in the 3- and T-posxtions and also m the side-^ 
phenyl nuclwis. The preferential methylation of the 6-hydroxyl m patuletin 
IS remarkable. Thu seems to be peculiar to the 5:6: T-arrangement of the 
hydroxyls. Among flavones, oroxyhn-A (VIII)* found m Oroxylum MIctm 
and 6 : 4'-dimcthyl ether of scutellarein (IX)* found In the flowers of Unarta 
vulgarit could be menuoned. In the tse-flavone senes trigenin (X)’ is alio 
a 6-metbyl ether. 


“•”-y 

OH 

(VIII), R-H (X) 

(IX). R-OMt 

BXmiMENTAL 

Ethylation of pahdetin v-A solution of patuletin (1 Og.) in anhydrous 
acetone (80 c c ) was treated with ethyl iodide (15 c c.) and anhydrous 
potassium carbonate (10 g) The mature was refluxed gently and ethyl 
iodide (1 • 5 c.c. each time ; total 6 c.c.) was added at intervals of eight hours. 
After 30 hours, the potassium salts were separated by filtration and washed 
with warm acetone The salt residue was completely soluble m water and 
yielded no preapitatc on acidifying with dilute hydrochloric aad The 
acetone filtrate was concentrated on a water-bath to about 5 c.c and left m 
the ico<hest. After 24 hours, pale brown crystals separated out. The solid 
was filtered and washed with a small quanUty of acetone. When crystollued 
twice from alcohol using a small quantity of animal charcoal, it came out 
in the form of colourless prismatic rods melting at 127-8°. Yield. ©•75g. 
The pentaehtyl ether was insoluble m warm aqueous alkali and gave no ferric 
chloride colour in alcoholic solution. It was easily soluble in acetone and 
ethyl acetate and moderately soluble in alcohol and benzene (Found: C, 
66-6; H. 71; CmHuO, requires C, 661 and H, 6-8%. Total OCtHg 
and OCH» expressed as OCH,. 39-5; penta-ethoxy-monomethoxy-flavone 
requires 39*4%). 

MkaUne degradation of O-pentaethyl-patuletin (17/).— 0-Pentacthyl- 
petuletin (0-6g.) was refluxed with 7% absolute alcoholic potash (20c.c.) 
on a water-bath for 6 hours. The solvent was removed under vacuum and 
the concentrate diluted with water (75 c.c.). The solution was then acidified 
with hydrochloric acid and the product was extracted repeatedly with ether. 


0 ^ 
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‘The ethereal solution was shaken thrice wrth dilute sodium bicarbonate 
solution. 

The ketonie part (II)i-On evaporating the ether solution a pale yeUow 
oil was obtained which solidifled on scratching with a glass-rod. When 
crystallised twice from aqueous alcohol, it was obtained in the form of pale 
yellow rhombohedral plates melting at 86-87® Yield: 0 I5g. It dissolved 
in sodium hydroxide giving a pale yellow solution. With ferric chloride, 
a reddish brown colour was obtained m alcoholic solution (Found ■ C. 
60-6; H. 7-7. requires C, 60-4 and H, 7-4%). 

Acid part.— The sodium bicarbonate extract when acidified with hydro- 
chloric acid, yielded a white crystalline solid. It crystallised from hot water 
in the form of long rectangular rods melting at 165-66° and as identified 
to be 0-diethyl-protocatechuic acid It did not depress the melting point 
of a pure sample of the diethyl ether prepared by ethylating ethyl proto- 
catechuate with ethyl iodide and potassium carbonate in anhydrous acetone 
medium and hydrolysing the resulting ethyl 0-diethyl protocatechuate with 
alkali (Found- C, 63 0, H, 7-0; C,iHi404 requires C, 62 9 and H, 6-7%) 

<u-Ethoxy-phloracetophenonc (III).— Anhydrous phloroglucinol (7-Og.) 
and ethoxy acetonitrile' (7’Oc.c) were condensed under the conditions of 
Hoesch synthesis followmg the method used for phloracetophenone.' The 
product crysullised from hot water in the form of stout rhombohedral 
pnsms melting at 197-8® Yield • 7 5 g. It was easily soluble in alcohol, 
acetone and ether, and gave a reddish violet colour with ferric chloride m 
alcoholic solution (Found in a sample dried at 110-20® for three hours: 
C,56 9; H, 5-8; Cj,Hi,0* requires C. 56 -6 and H, 5-7%) 

«u-4: 6-Tncthoxy-2-hydroxy-acetophenoDc (IV). — <u-Ethoxy-phloraceto- 
phenone (2-1 g., 1 mol.) was refluxed in anhydrous acetone solution (80c.c.) 
with ethyl iodide (l-8cc. 2-2 mol) and anhydrous potassium carbonate 
(6 g.) for 12 hours. At the end of the reacUon, the acetone was dLstiUed of 
and the residue treated with water (100 c.c.) The precipitote was filtered 
and washed with water It was sparingly soluble in aqueous alkali. In an 
attempt to remove any fully ethylated ketone that might be present, the crude 
product was dissolved m ether and the solution extracted with 5% aqueous 
sodium hydroxide. The recovery was small and incomplete even after six 
extractions. On acidifying the alkaline solution with hydrochloric acid, 
a colourless crystallme sobd separated out. It was crystallised turn from 
alcohol when w : 4 : 6-triethoxy-2-hydroxy'acetophenone (TV) was obtamed 
m the form of thin ftit needles and plates melting at 96-^®. Yield, 
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When the remaining ether was evaporated to dryness and t^ residue 
(1 Og.) crystallised from alcohol the same substance was obtained. The 
reactions and the melting points were identical and there was no depression 
in the mixed melting point Thus the product of ethylation seems to consist 
entirely of the hydroxy-triethoxy ketone (IV) and the fully ethylated product 
was not present in detectable amounts. 

The substance was easily soluble in alcohol, acetone and benxene. It 
gave a brownish red colour with ferric chloride in alcoholic solution. It 
was not easily soluble m aqueous sodium hydroxide and gave a sparingly 
soluble sodium salt (Found. C, 62 7; H, 7 8; OC|Hs, 49 9, CtiHioOs 
requires C, 62-7; H, 7 5 and OC,H,. 50-4%) 

For purposes of comparison an authentic sample of the above ketone 
was prepared from quercetin (0*3 g ) m the following manner. The flavonol 
was ethylated by boiling for 30 hours in anhydrous acetone solution with 
ethyl iodide (2 c c ) and anhydrous potassium carbonate (2 g ) The penta- 
ethyl ether thus obtained was subjected to fission using absolute alcoholic 
potash (3 c c. 7%) and refiuxing for six hours After adding excess of water, 
It was extracted with ether From the ether solution, by shaking with aqueous 
sodium bicarbonate was separated O-diethyl-protocatechuic acid. The 
residual ether solution on evaporation gave a go^ yield of hydroxy-fisetol- 
triethyl ether In every respect it was identical with the synthetic sample 
desenbed above and the mixed melting point was undepressed. 

w : 4 : (t-Triethoxy-1 • Snlihydroxy-acetophenonc (V).— To a mechanically 
stirred suspension of ketone (I>0 (2-7 g ) in water (50 c c ) was added aqueous 
sodium hydroxide (5% 50 c c ) slowly Only part of the ketone went into 
solution immedwtely and the rest dissolved completely only towards the end 
of the reacuon The mixture was then cooled to 15“ and potassium per- 
sulphate (4-1 g. in 100 cc of water) and aqueous sodium hydroxide (5%. 
50 cc.) were added alternately during three hours while maintaining the 
mechanical stirring all the while. After the addition, the solution was left 
at room temperature for 20 hours. The insoluble portion was then filtered 
off and the alkaline filtrate neutralised with hydrochloric acid. The un- 
reacted ketone (0-8 g.) separated out and was removed by filtration The 
filtrate was treated with concentrated hydrochlonc acid (20c.c) and kept 
on a boiling water-bath for about 15 minutes. An oily layer separated out 
on cooling and it solidified slowly into a dark brown sticky crystalline mass. 
It was dissolved in ether and treated with petroleum ether till turbidity 
appeared On leaving it aside for about IS minutes, a small amount of a 
dark brown sticky impurity separated out and the clear yellow solution could 
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be decanted. On evaporation it yielded yellowish brown crystals wluch 
when recrystalliscd from hot water came out in the form of broad square 
plates melting at 101-103" A second crysUllisation from aqueous alcohol 
raised the melting point to 103-04“ which could not be improved further 
Yield, 0'6g With alcoholic feme chloride it developed a transient green 
colour which changed rapidly to yellowish brown and finally to deep red m 
the course of half-an-hour. It did not give any precipitate with neutral 
lead acetate in alcoholic solution (Found C, 59 0, H, 6 7, CuHwOt 
requires C. 59 2 and H. 7 0%) 

u) 4 • ^Tnethoxy-S-methoxy-l-hydroxy-acetophenone (II) — A solution of 
the dihydroxy-ketone (V) (1-Og., I mol) in anhydrous benzene (60c c) 
was treated with dimethyl sulphate (0-5 g , 1 1 mo) ) and anhydrous potassium 
carbonate (3 g ) and the mature refluxed for 12 hours Towards the end 
of the reaction, the benzene layer developed a dark brown colour The 
potassium salts were then filtered off and washed thrice with warm benzene 
The filtrate was cooled and extracted thrice with aqueous sodium hydroxide 
(5%, 25 cc.). When acidified with hydrochloric acid, the clear alkaline 
extract deposited an almost colourless crystalline sohd After two crystalli- 
sations from aqueous alcohol it was obtained as colourless long rectangular 
plates melting at 85-86“ Yield, 0 4 g It did not depress the melting point 
of the ketone obtained from the degradation of O-pentacthyl patuletin. It 
gave a pale reddish brown colour with ferric chroloride in alcoholic solution 
(Found C, 60 6; H, 7 6; requires C, 60 4 and H, 7 4%. 

Found toUl OEt and OMc calculated as methoxyl 40 9, the formula requires 

0*Diethyl-protocatechuic anhydride . — ^Thionyl chloride (2 Oc.c) was 
added in small quantities at a time with vigorous shaking to a suspension of 
0 -diethyl-protocatechuic acid (8 4g) m anhydrous ether (100 cc.) con- 
taining anhydrous pyridine (lOc.c.) Throughout the addition the tempe- 
rature of the reaction mixture was kept at 0“ by cooling in an ice-bath After 
the addition was over (30-45 mts ) the flask was left in the refrigerator for 
three hours and the mixture was shaken with crushed hx and filtered. The 
granular solid product was then triturated successively with ice-cold water, 
dilute ice-cold hydrochloric acid and ice-cold sodium carbonate solution 
(5%) Fmally the anhydnde was washed with ice-cold water until free from 
sodium carbonate, It was then pressed between the folds of filter paper and 
dried tn vacuo over concentrated sulphuric acid. The crude product melted at 
148-49“ with slight sintering at 145" When rccrysulliscd from benzene 
It was obtoined as stout rectangular pnsms melting at 149-50“ Yield, 
6-5g(Fouod: C, 661; H, 6-3; CttHwO, requires C, 65-7 and H. 6-5%) 
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Synthesb of 0-pentaethyl-patuUtin.—An mtunate mitturc of «:4;d. 
tnetbojiy-5-inethoxy-2-bydroxy-*cetophenonc (II) (0-3g.), O-djethyl-proto* 
catochuic anhydnde (1 -0 g ) and the sodium salt of O-diethyl-protocakchmc 
acid (0 5 g.) was heated under reduced pressure at 170-80“ for four hours 
At the end of the reaction, the solid crust was broken up and refluxed with 
alcohol (10 C.C.) for about ten minutes It was then treated with alcohohc 
potash (1 g. of KOH in 5 c.c of alcohol) and refluxed for 15 minutes more. 
As much alcohol as possible was removed under reduced pressure and excess 
of water added to the residue. A colourless crysUlhne solid remained un- 
dissolved It was filtered and washed with water till free from alkah and 
crystallised twice from alcohol when it was obtained in the form of colourless 
rectangular prismatic rods melting at 128-29°. A third crystallisation was 
also done but it did not improve the melting point This substance did 
not dissolve in warm or cold aqueous alkab and developed no colour with 
ferric chloride in alcoholic solution Yield, 0-2 g. (Found C, 65 7; H, 
6 5, Cs,HmO, requires C, 66 I and H, 6 8%. Found total OC,H, and 
OCH, calculated as OCH,. 38 9 , pentaUhoxy-mono-metboxy-flavone 
requires 39-4%). This product did not depress the melting point of 0-penta- 
ethyl-patuletin obtained by the ethylation of patuletin 

The alkaline filtrate left after the separation of the above solid product 
was saturated with carbon dioxide. A small quantity of dark brown 
amorphous material was deposited Since it was too small, it was not studied. 

Summary 

The constitution of patuletin as d-^'methyl quercetagetm has been 
finally established by the study of its penta-ethyl ether which yields O- 
diethyl-protocatcchuic aad and w. 4; 6-tnethoxy-5-methoxy-2-hydroxy-accto- 
phenone on degradation with alkali The above ketone and O-pentacthyl- 
patuletin have been synthesised by unambiguous methods starting from 
nxthoxy-phloroacetophenone. 
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SYNTHESIS OF KANUGIN AND RELATED 
COMPOUNDS 
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Received jMUaiy 17, 1946 

In an earlier communication* the determination of the constitution of 
kanugin (I) as 3 ; 7 . 5'-tnmcthoxy-3' • 4'-methylenedioxy-flavone was re- 
ported, based on a study of the compound and of its decomposition pro- 
ducts This constitution has now been confirmed by synthesising kanugin 
from cu • 4-dimethoxy-2-hydrox>-acetophenone (fisetol dimethyl ether) and 
the anhydride and sodium salt of mynsticic acid. The synthetic product 
IS found to be identical with the natural one in all its properties and re- 
actions and the mixed melting point is not depressed 



OCIT, 
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Since the Allan-Robinson condensation was not carried out previously 
with components containing mcthylencdioxy group and since mynsticic 
acid 18 not easy to obtam, exploratory experiments have been done using 
first the anhydride and sodium salt of piptronylic acid The condensation 
with cu-methoxy-itsacetophenone proceeds smoothly to yield 7-hydroxy-3- 
methoxy-3' . 4'-methylenedioxy-flayone (H). The best yields arc obtained 
by limiting the heating to 2-3 hours. Incidentally the condensation has 
also been carried out with 6>.4,6-tnmethoxy-2-hydroxy-acetophcnone to 
yield 3 5 : 7-tnm€thoxy-3' ' 4'-methyteredioxy-flavone (III) which is de- 
signated ‘ ilro-kanugin’. This compound differs from kanugin in that it has 
A3 147 
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a methoxyl group in position 5 instead of in 5'. Unlike kanugin it does not 
exhibit fluorescence either in alcohol or in concentrated suljAunc acid. This 
seems to be another example of the influence of position 5, in suppressing 
the emission of fluorescence by anthoxanthins and related compounds. 

Under the same conditions as those adopted for the preparation of the 
above compounds, kanugm could be obtained starting from myristicic acid. 
This acid was made m the past by the oxidation of isomynstidn prepared 
from oil of nutmig* A simplified proetdure has now been adopted for 
obtaining it in good yield from the same source. It was first made synthe- 
tically by Baker* from 4 • 5-dihydroxy-3-mcthoxy benzaldehyde using methy- 
lene sulphate and aqueous potash but the yields reported by hun (about 5%) 
Were very poor By a modification of the method of mcthylenation the 
yield could now be raised to 75%: 4 * 5-dihydroxy-3-methoxy benzaldehyde 
could be conveniently methyknated in anhydrous acetone solution using 
methylene sulphate and anhydrous potassium carbonate The product 
comes directly pure without any difficulty 

Experimewtal 

Plperonylie anhydride — Piperonylic acid (10 g) (dried in an nir oven 
at 110-20® for 2-3 hours) was mixed with dry carbon tetrachloride (20c c) 
and the mature treated with powdered phosphorous pentachloride (10 g) 
in small amounts. It was warmed on a water-bath till no more fumes were 
evolved and all the solid went into solution (10 minutes). The solvent and 
the phosphorus oxychloride were then removed under reduced pressure on a 
water-bath when the acid chloride was left behind as a white crystalline solid. 
It was directly dissolved in anhydrous ether (100c c) and dry pyridine 
(ISc.c) slowly added while cooling in ice After leaving m the icc-chest 
for 2} hours, the mixture was treated with small bits of loc with vigorous 
stirring In about 10 minutes a pale cr^m-coloured solid separated out 
m good yield. It was filtered, washed with ice-cold dilute hydrochloric acid 
and ice water and dned in a vacuum desiccator Y icld, 7 g. On crystal- 
lising from anhydrous benzene it came out as big colourless rectangular 
Ubkts melting at 153-4® (Found. C, 61-5; H, 2 9, C,«HwOt requires 
C, 61 • 1 ; H, 3 2%). A small crystal of the compound when warmed with 
gallic acid and sulphuric acid formed a bright blue solution. 

1-Hydroxy^-methoxy-y . A'-methylenedioxy-ftavone (//).— <i»-Methoxy-Tes- 
acetophtnone (1 g) was fused with piperonylic anhydrKle (10 g.) and potas- 
sium piperonylate (3 g ) at 170-80° for 3 hours under reduced pressure. The 
product was boiled with alcoholic potash (80c.c. of 10% solution) for 20 
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mmutcs. The solvent was then removed under reduced pressure, water 
(100 cc.) was added and the clear brown soluUon saturated with carbon- 
dioxide when a brown solid (about 1 g.) separated out It was filtered, 
washed and crystallised from alcohol It came out as pale yellow rectangular 
plates melting at 265-67“ (Found C. 65 4, H, 3 8, requires 

C. 65 4. H. 3 8%) The substance was soluble in aqueous alkali with a 
yellow colour and gave no characteristic colour with fci nc chlonde in alco- 
holic solution With gallic acid and sulphuric acid it gave a beautiful 
emerald green colour which rapidly changed to pure blue 

3 • 5 l~Trimethoxy-y A'-methylenedioxy-flavone (III) {ho-kanugin) — 
cii 4 6-Tnmethoxy-2-hydroxy-acetophenone (1 g) was condensed with the 
anhydride (5 g ) and the potassium salt (2 g ) of pipcronylic acid, under the 
conditions of the Allan-Robinson reaction After hydrolysis with alcoholic 
potash and removal of the solvent under nducxd pressure, water was added 
when a pale brown solid separated out It was filtered and washed with 
water (Fraction A) On saturating the filtrate with carbon dioxide a yellowish 
brown solid separated out (Fraction B) 

Fraction A (Iso-kanugin) was crystallised from alcohol when it came 
out as colourless rectangular plates melting ai 195-6’ (Found C, 64 0, 
H, 4 5, C„H„0, requir.s C 64 0 H 4 5) It was insoluble in aqueous 
alkali and gave no colour with alcoholic feme chloride Bui it gave an 
emerald green colour with gaHic acid and sulphuric acid (test for the methy- 
lenedioxy group) Unlike kanugin it exhibited no fluorescence in alcohol 
and in cemcentrated sulphuiic acid it formed a stable yellow colour It 
could thus be easily distinguished from kanugin 

Fraction B was obtained m varying amounts in diffcMit experiments 
and when crystallised from alcohol it came out as a yellow crystollinc solid 
melting indefinitely between 200 and 225° It gave a marked olive green 
colour with feme chloride, was sparingly soluble in aqueous alkali and was 
obviously having the 5-OH free This should have arisen as the icsult of 
partial demethylation in the course of the Atlan-Robinson condensation 
It was not further examined 

Preparation of mvristicic acid (1) from oil of nutmeg —The pro- 
cedure followed for the preparation of mynsucin was essentially that of 
Power and Salway* with a few modifications 

Oil of nutmeg was washed with 5% alkali to remove the phenolic and 
acidic componenU It was subsequently washed with water and dried over 
sodium sulphate The dry oil was first distilled under reduced pressure 
(60 mm.) when most of the terpenes ittsaed over below 1I0“. Distillation 
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to «.d« «dm,y »p 10 a " 

was connected again to tile pump and tpcdptillation earned 0 P 

of 40 mm. Three fractions were collecfcd ( 1 ) below 160 ,( ) 
and (3) 170-73°. The last fraction corresponded to myristicin and its yield 
was 10 g. from 150 cc of the oil It gave a posifivc test for the presence of 
the metbylenedioxy group and the identity was further confirmed by the 
preparation of dibromomyribticin dibromide melting at 128-9° 

The above myriMicin fraction (10 g) was dissolved in alcoholic potash 
(alcohol 30 c c and potash 8 g) and the solution refluxed on a water-bath for 
24 hours The solvent was tht.n distilled off, the residue treated with excess 
of water and extracted with ether The crude isomynsticin left after eva- 
porating the ether was directly used for the oxidation 


Isomynsticm (8g) was made into an emulsion with water (500 c.c) 
An aqueous solution of potassium permanganate (22 g in 500c c) was 
slowly added, keeping the mixture at 80° and stimng, during the course of 
an hour and a half It was k;pt stirred for anoth.'r 30 minutes by which 
time all the permanganate was leduccd SuflScicnt 10% aqueous potash was 
then added in order to make the mixture alkaline and the manganese dioxide 
formed was filtered while hot and washed with hot water From the filtrate 
raynsticic aldehyde crystallised out on cooling This was filtered off and 
ihe solution extracted twice with ether to remove the aldehyde completely 
When the alkaline solution was acidified with concentrated hydrochloric acid, 
myristicic acid separated out It was filtered, washed with a little water and 
crysuUised from methyl alcohol when it came out as big rectangular prisms 
with a tendency to taper at the ends and melting at 212-14°, Yield, 5g 
The residual manganese dioxide was suspended in water and brought 
into solution by passing a current of sulphur dioxide On extracting the 
solution with ether some more of the myristicic aldehyde could be obtained. 


The total yield of the myrisUcic aldehyde was crystallised from water 
when It appeared as thin colourless rectangular plates melting at 131-32' 
Yield, 1 5 g The 2 • 4-dinitrophcnyIhydrazonc was obtained as dark red 
needles melting at 230-32° 

(n) By Synthesis —A solution of 3-mcthoxy-4 5-dihydroxy benzaldehyde 
(2 g ) and methylene sulphate (2 g.) in anhydrous acetone (30 c c.l was treated 
with freshly ignited potassium carbonate (10 g.) The mixture was then 
refluxed on a water-bath for 6 hours Dunng the course of the reacUon 
vigorous ^crvescencc followed by the evolution of formaldehyde and depo- 
siUon of a white aohd m the cooler parts of the condenser were noticed The 
potassium salts were finally filtered off and the residue washed thoroughly 
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with acetone. The filtrate was distilled to remove the solvent when a crystal* 
\mt solid was obtained. It was almost pore mynsticic aldehyde and was further 
punflcd by crystallisation from water when it separated as thin colourless 
rectangular plates melting at 131-2° Mixed melting point with the sample 
of mynsticic aldehyde from oil of nutmeg was not depressed Yield, ! 5 g 
Myristicic anhydride —Iht anhydndc was prqiared in just the same 
way as piperonylic anhydndc starting from the dry acid (4 g ), phosphorous 
pentachloride (5g.) and anhydrous pyndme (8cc.) The crude product 
was obtained as a white solid, yield. 2 5g When crystallised from an- 
hydrous benzene it came out as stout rhombic prisms melting at 172-3“ 
(Found C, 58 1 , H, 4 1 . C^H^O, lequircs C. 57 8, H, 3 7%) 

3 • 7 . S'-Trtmelhoxy-y . A'-methylenedioxy-flavone (1) (kanugin) —An inti- 
mate mixture of <u 4-dimcthoxy-2-hydroxy acetophenone {0 8 g), mynsticic 
anhydride (2g) and the sodium salt of mynsticic acid (0 5g) was heated 
under vacuum at 170 80“ for 3 hours The product was cooled, powdered 
and boiled with alcoholic potash {30c c ot 10% solution) for 15 minutes 
The solvent was then distilled off under reduced pressure, the residue treated 
with water (100 c c ) and the pale brown solid that separated out was filtered 
and washed It was purified by crystallisation from alcohol when it came 
out as colourless rectangular plates melting at 204-05° Yield, 0 8 g 
Mixed melting point with a pure sample of natural kanugin was not depressed 
(Found C, 64 4, H, 4 4, requires C. 64 0, H, 4 5) 

An alcoholic solution of the compound gave .i blue fluorescence In 
concentrated sulphuric acid it dissolved to a bright yellow solution which 
changed through orange to red with green fluorescence just like the natural 
sample With gallic acid and sulphuric acid it developed a beautiful emerald 
green colour. 

Summary 

The synthesis of 3-mcthoxy-7-hydroxy-3' 4'-methylcnedioxyflavone. 
kanugin and iro-kanugm has been ^ected Mynsticic acid required for 
the synthesis of kanugin is prepared from oil of nutmeg by a simplified pro- 
cedure and an improved method for its synthetic preparation worked out 
There is marked difference in properties between kanugin and ifo-kanugm 
(3 . 5- 7-trimethoxy-3' 4'-mAhylenc-dioxyflavone) 
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A NOTE ON THE a-SYMBOLS 
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As IS well known (see Van dcr Wacrden, 1932) the symbols are used 
to set up a connection between tensors and spinors for transformations 
of the Lorentz group A: is a tensor index running from 0 to 3 while 
A and /* are spinor indices which can take the values 1 and 2 only * 
Hitherto it has been usual to prescribe the numbers o* explicitly and to 
show that they remain unaltered when subjected to a Lorentz transforma- 
tion and the associated spinor transformation simultaneously In fact the 
spinor transformation associated to a given Lorentz transformation i$, in 
effect, defined by this condition In the present paper no use will be 
made of an explicit representation of the a's All their properties will be 
deduced from the defining equations (1) and (2) Besides compactness, 
this procedure has the advantage that the same equations and all their 
consequences remain valid even when the most general transformations not 
included in the Lorentz group are admitted. They can therefore be 
directly taken over to the general theory of relativity (c/ Infeld and Van 
der Wacrden, 1933) 

For the present the space-tunc is assumed flat and the metric tensor 
IS taken to be gij=^0 — gn^~ i Similarly the 

antisymmetric spinors used for raising and lowering the 

spinor indices are given by <if= I, *‘*= I For any spinor 

with similar relations for the dotted spinors The a’s are defined by the two 
following conditions 

( 1 ) 



* In this paper Latin alphabets shall always denote tensor indices the Oracle alphabets 
being reserved for spinor indices, 
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Here the bar denotes conjugate-complex and *ttmn is a tensor antjsymmetnc 
in alt the four indices with <oi«s=~ ^ From (1) and (2a) it follows that 


„ ^ = s* h -t""* (2b) 

The fact that the usual representation of or’s satisfies (2) becomes obvious 
when, in conformity with the usual method, one regards tr* as the two-rowed 
umt matrix and a*. <j» as the three Pauli matrices and compares their 
commutation rules with (2). Some results, which arc already well known 
(Infeld and Van der Waerden, 1933, Fierz and Pauli, 1939) follow 
immediately from (21 

/ c </'"=■ 25'/' (3o) 

V •» 


- 28 : g*' 


(3 b) 


Also 


Am ^ «V " 

From the irreducibility of the Pauli matrices it follows that (Ficrz and 
Pauh, 1939) 

a"" a '-= 2S" 8: (5) 

However a direct proof based on (2) can be given as follows. Consider 
a* a” Notice that from (2) 

/ t o ct'*'’ a* 

- 2/ (g^ ^ 


( 6 ) 
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Also from (2) 
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f<T a +0 o )«» a + 8 or 

i V / , t.alt f i.B, 

Now notice that 

^ a — a O ff 

A>1 «/! «? Am Xa VM ^ 

Therefore 

‘a/mm “ *^18 O 

' -i' iK + *I ''a ,.>+ * %/«M K i, ■'• O 

from (6) 

Therefore 

‘a/.-"' 

From (7) and (9) it follows that 

ia fii ff )».0. 

A ' ;, mm of I. I‘0 o,' 

MulUplying by •r'' and using (2) one gets 


=• from (2) 

(5) follows immediately from (10). 

A few other us^l relations can be derived from ^2) Put 


(10 b) 
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Then from (3) 

. ktm A klm 

A A 

= - a""+ 2g" 

= - a'"" (- 1ft' - Ig"' 

= k”'' - 2jf""' ^ f 2/” 

= -A^' 

Adding up the various expressions on the right one gets 

6 A*^“ = - t’”" 4- 6 (g^ 0 “ - g*”' + g'" «r*^) 

SO that from (6) 


a a' a” = g‘ 0” - g*" 0 

/tX f>r nr !“ 


(11 0 ) 

The coniugate-complex equation is 



%A V"" "m. 


(11 h) 

From (3 c) and (11) 




km In kn im , kim»K 

-g g ^g g +«« ) 

(12 «) 


km Im , kn tm kimn, 

g g +g g -1 * “ 

(12 6) 


From (4) and (12) the following well-known relations for any anti-symmetnc 
tensor Fa' (Laporte and Uhlcnbeck, 1931. Ficrz and Pauh, 1939) are 
obtained ^ltnmedlately 

=-4F'^'" (13 h) 



(13 c) 
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where 

•nd 

F^;-i(F/-<Frp 


(14 a) 
(14 h) 


F^ -i(F 


F'"" 


It IS yet to be proved from (2) that tor every proper Lorcntz trans- 
formation there exists a spinor transformation such that the two applied 

together leave <t* unchanged For this purpose it is sufficient to consider 
Am 

infinitesimal transformations An infinitesimal Lorentz transformation is 
given by 


where «*, is a real mfimtesimal quantity. Similarly 
transformation 


(15) 

infinitesimal spinor 


(16 a) 


a ^ a -I- »)' a 

IS charactensed by an infinitesimal spinor The symmetry of in 

n, V follows from the mvanancc of It is therefore sufficient to show 
that for every f*' there exists a such that 

” I \ "ait ” 

From (5) and (17) the solution is easily obtamed 



The transformation matrix of (16) is therefore 


( 18 ) 
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It mult now be ihown that the tramfonnation (1^ consktored at a repre- 
wntation of the Lorentz gronp atisfies the integrabflity conditions (see 
Van der Wacrden, 1932) In any representation of the Ixirentz group the 
transformation (15) is represented by 
1 + i*"!*, 

vdiere I" — - 1" ate the representative matnces for the infimtesinaal 
transformations (see Van der Waerden / c ). Therefore m our case, from (191 

where o and ^ on the left side are to be looked upon as matrix indices 
The integrability conditions for the Lorentz group are well known and are 
+ ( 21 ) 

Now from (4) and (20) 

(Wf - - 2 (I""’!? “ - i <A 

Therefore 

(I*/ U h>)\ - - ft ~ 


-ft 


Therefore 

I 1 


+ 2v1j, ! 


'(lY) 


W, i/K ,» y, - mmr, k I t k i 

Where the sum is to be uken over all permutations of k, I. q with 4- or 
— sign according as the permutation is even or odd. So 

V » ‘£ ± 2 <•-, >;> 

ThKifon (21) it MUled. 
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It It sow possible to consider finite Loiente tnuuformstions. Let the 
transfonnstiont (15) be denoted by 1 + i «« J". The tnmsfonnatioii metrix 
of (15) is 


Therrforc 




(22) 


m and n are the matrix indices of the transformation J*' A finite 
Loientz transformation L can be generated from the infinitesimal trans- 
formation by the following common device. 



On account of (22) one can write symbolically 
L -e«-« l + tf+j’-b J + 

wherc ^ is a matrix defined by induction as follows 

(o..i)/=(r)/fi/ 

It IS easy to venfy that 

I- i (««» <>”'"> 8»' " 0 

for any tensor 9^, whose only non-vanishing components are ^e> ^ 
and - 9ii However since every anusymmetrical tensor can be brought 
to this form by a Lorentz transformation it follows that the above identity 
IS valid for every 9^, Written in matrix form it becomes 
»•+ iOv ^ (i «*' »*" - 0 

Making use of this characteristic equation of 9, it can be proved that 

L- i [cosh vd>< fcosh ^ 

, , rsinh Vd>^ 1 sinh V<h la 

sw, + v'.h r 
+ (*■ v/""’ - V') 

i «*'' ± i ^ *iimn -+7^ Oh ' (23 b) 

This IS the expression for the most general proper Lorentz transformation. 
The spinor transformation A associated to (23) is given by 
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Now 








= 1 tf (-lg"o o"’'‘’'+ / <r /■"’') from (11) 

16 kl mn tt/t 

^h^+‘e e {«• 8"- . e ' aTl from (2) 

^ a \f> H ••« f « P" • 

Put 

.-6 

Then from (24), 

+ ) + (‘ + 3V?T+ 

- co«h Vd + (i 9*' W f 26 a) 

or 

cosh s d »;+ ve ^ ,26A) 

Therefore the spinor transformation associated to any given Lorenta trans- 
formation IS completely determined As an example consider the case of 
a spatial rotation about the axis In this all components of arc itcro 
except - «M =■ 2il> (say) Therefore 
4* 





= COS ^ 8^ + i sin ^ i (<r^ f ~ ^27 o) 

Similarly for a LorenU transformation along the x* axis the only non- 
vannhing component of is — 2^ (say), so that and 

ylj-cash ^ 8^ - siah t27 b) 
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In the usual representation o* is the unit matrix and •» Therefore 

in matrix notation (27<?) and (27h; can be written as 
/f --cos^-Zsin^ o* 

/I =>• codi ^ — sinh ^ 
where the matrix elements of o® arc 

Till now only the proper Lorentz transfonnations have beer discussed. 
Reflection can now be included in the following way. From (11) 


(28) 


Therefore is the reflection matrix, and by reflection the spinors and 
go over into and given by 



The quantities oj, remain unchanged for the simultaneous application of 
reflection w the tensor index k as well as to the spinor indices n. v In the 
uaual representation <»J, is the unit matrix and therefore the only non- 
vamshing components of <rj,^ are = — <r; * = — 1 In this case there- 

fore (29) coincides with the usual rule* for reflection 


If and be two different sets of <r’s satisfying (1) and (2) then it 
follows from (5) that 

iM / ‘‘M 

where 


so that of are real and 

Therefore (it must be the coeflScients of a Lorentz transformation apart 
from the fact that they may reverse the direction of time 


Since the equations (1) and (2) are in a proper covanant form they 
remain valid for all real transformations of the tensor space and any 
arbitrary transformations of the spin-space (c/1 Infeld and Van der Waerden, 
1933). However it must be borne m mind that for tins general case 
*«M— V-i’ 
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where ; IS the determinant of the general g,* matrix. Also «it and «** 
are no longer 1 but are equal to y and * respectively where y is a spinor 
density of weight 1, ie, on transformation it gets multiplied by the deter- 
minant of the transformation in the spin-space (Infeld and Van der Waerden, 
1933) All the results [e g , equations (3), (11) and (12)] therefore hold also 
for the general case which is of importantce in the general theory of 
relativity 

In conclusion let us consider an interesting application of (11) to the 
Dirac equation of a particle of spin J Expressed m terms of spinors it 
splits up into the following two equations 


/ ii«'' - x/)“ o) 

/ 6* ' x«\ 

To these are to be added the corresponding conjugate-complex equations 
Apart from numerical factors the charge-current-density spinor is given by 

+ (31) 

where a, and are the complexs;onjugates of a, and respectively It 
IS obvious that the charge-density given by (21) is positive defiuKe if the 
usual representation of o’s is used since in this case o* is the umt matrix 
For every other representation of a’s the charge-density is therefore either 
positive or negative definite accordmg as this represenution is obtained 
from the usual one by a Lorentz transformation without or with the 
reversal of the direction of time However only the definite character of 
the charge-density is of importance, the sign being immaterial 

Notice that the equations (30) arc completely equivalent to the second 


order equation 

0 (32) 

which follows from them This becomes obvious if one looks upon (30a) 
as the definition of h® Therefore (30) can be replaced by 

J^a =x<r (33 a) 


d* a 
h“- 




(33 h) 


(31) now becomes 


S —a a +9 a" a^ a'*, (o'* — </*) 
a? « |J H Be I » » 
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a a \ \ w" (a o'" i a «/''} " "^'l 


t t ct a fioin(ll) (34) 

The equations (33) and (34) are completely equivalent to the usual formu- 
lation of the Dirac-equation in the force-free case The definite character 
of the charge-density is not quite obvious from (34) Equations (33) resemble 
very much the corresponding equations for a particle of spin 0 

However the equivalence of (301 and (33) holds only for the force-free 
case In case of interaction with an electromagnetic field (30) go over into 


/ jr'*' fly — X 

/ IT., /.« - X (35 

where w" is the spinor coiresponding to •h). being the 

electromagnetic potentials and e the charge of the particle The second 
order equation derived from (3^ is 


Or from (3) 




0 


ir I* i ("^ ^ ° X* ~ 0 

which IS not the same as that obtained by replacing by n* in (32) There- 
fore to take electromagnetic interaction into account it is not sufficient to 
replace J'’ by m (33) The correct generalisation of (33) in this case is 


"r - X 


(36 o) 


where 

</ » and f -Ji .>-3 ■!>, 

The extra term m (36 h) corresponds precisely to the magnetic moment - 
of the electron in Dirac’s theory The expressions (31) and (34) for the 
current vector remain unchanged. From (36) it follows that die Dirac 
equation is complettly equivalent to the second order equation 
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provided the current vector u defined by (34), Equations (36) emphasise 
the fact that even m the simple case of spin i correct electromagnetic 
interaction cannot be introduced simply by replacing by nt in any 
arbitrary formulation which is valid for the force-free case 
Summary 

The (7-symbols arc defined by means of the equations (1) and (2) All 
their properties are deduced from their definition without making use of 
any esplicit representation Certain interesting relations concerning the 
product of three or more j’s are obtained They are shown to be useful 
in transfortmng tensors mto spinors and vice versa 

Directly from (1) and (2) it is deduced that corresponding to every 
proper Lorentz transformation there exists a spinor-transformation such 
that the two applied together leave the <7’s unchanged The spinor trans- 
formation corresponding to the most general proper Lorentz transformation 
IS explicitly given Also the spinor-transformation correspondmg to reflec- 
tion IS obtained It is pointed out that since the defining equations (1) and 
(2) and the relations deuced from them are already in a proper covariant 
form they can be taken over as such to the general theory of lelaUvity 
Fmally the Dirac equation for a particle of spin i is discussed from 
a new angle Here only one spinor together with its space-time denvatives 
(and rvot two spinors) is used to describe the particle It is shown that the 
Dirac equation is completely equivalent to a second order equation for this 
single spinor The expression for the charge-current density in terms of 
this single spinor and its derivatives is obtained In the present formulation 
correct electromagnetic interaction can be introduced only by the addition 
of an extra term depending explicitly on the field This additional term is 
the one which corresponds to the magnetic moment of the electron 
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1 lNTR<H>UCnON 

It i» tb^ object of this paper to investigate into the general forms of the distri* 
bution laws 9rtuch possess the mean conservmg property and arrive at new 
frequency curves useftil for graduation purposes and in tests of significance 
connected with means in random samples. 

The moan conserving property may be defined as follows. Let a variate 
X be characterised by the probability differential 

( 11 ) 

X, H, . being constants which may be called the parameters in the distri- 
bution law of X Let jc,.. .be independent variates from distribution 
laws of the type (1 ' 1) defined by the sets of parameters given as rows of the 
matrix 

^A. ^ (1-2) 

The type (1 • 1) is said to possess the mean conserving property denoted by 




(1 S3) 


where a, /J; y,. . . . and f, the sets of parameters whidi have to 

be kept fixed and can be vaned m the distribution laws of jc,, if their 
mean follows the distnbution law of the same type as m (1 • 1) but with the 

(A.,. (.-4) 


where X, ft, .... are functions of the number of x’s and the elements of the 
matrix (1-2). 


A similar definition holds for the sum conserving property defined by 


At 


P. 

V. e.... 


(1-5) 
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Both (1-3) and (1-5) can be made identical by the introduction of a new 
constant as a multiplier of x, and the property (1-3) or (1 -5) will bo referred 
to as M. 

2 Properties of DisraiitmoN Laws Satisfying M 
From the defimuon of M wc derive the relations 

n c (t, Xf, ^ 0i /*•»•■» ) (2’i) 


£k,(X„^, ) (2 2 ) 

where c(i) is the characteristic function corresponding to the distribution 
law of X and k,, the sth semi-mvanant of x 

These simple properties enable us to discover readily whether any 
distribution law satisfies M when a study of its moments and semi-mvanants 
arc made Let us consider the Bessel function populaUons defined by 

' ' T a * txt** ? ^ (2 

T.e ixl I 

where the upper function is taken wdien 1 c | > 1 and the lower when 
I c I < 1 The moment generatmg function, in either case, is given by 

{/(/, b. c)r*»- {(1 -c*)/(l-c+ (2-4) 

Sulce 

fl {/(f. b. e))-’ ^ {fit. b. c)}-"* (2-4) 

= • +m„ (2 ’3) 

it follows that the sum of n variates from populations of the type (2 3) 
defined by 

/ b c «i \ 


follows the same type defined by 

(b c « (m + j) •“ i) 

Fdr the Bessel function population defined by 


toVx) <bc 


(2-8) 
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the jth semi-inverumt is given by 

Hence the rth jemi-invariant of «r ■= Xj + jf, + . . + J 

follow# the law (2-8) with the parameters a, nu, qi is given by 

\i4)ere wi = Wi + /»* + + m, 

and »9* =* q\ + flt* + + 9<i* 

which shows that (2 -8) satisfies M*«^. the set of parameters 


Kivins the set 

(a «(»n + l)-l Vnq) (212) 

for the distribuUon of the sum This result has been obtained by Bose 
(1937) when m’s and q'i are the same for all the variables. 

Vlk,{r),r = \.2,. n are the semi-invariants of the variates a,, 

X,, the distribution law# of which satisfy M, then the semi-mvariants of the 
vanate Z * x, -i-x» -I- . . . + x* satisfy (2 2), Hence we get the result 
that the distribution law of the sum or the mean of any number of independent 
variates, whose distribution laws satisfy M, also satisfies Af. From this it 
follows that the distnbution law 

• m ^ iff \ /A «A\ 

^ J. r(«A" m) (2-13) 

/jAa= Ai-t- Ai+ ' • • 4- A* 


derived by the author (1942) as the disttibution of the sum of n different 
gamma variates following the laws 

ce-*'*x^'-‘dx (2 14) 


satisfies M. 

It is well known that the distribution law 


(2-15) 
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satisfies M»x. Let the variates x,. a*, . x„ have the probability densities 

f (Xr.ar.br, •) (2 16) 


with the corresponding cumulant functions 

S(P. ar.br. ) (2-17) 

If it IS known that the distribution of Z -= Xi 4- a, 4- . + x is (2 ‘ 15) 

with the cumulant function —A log (1 — ifi/a) then by hypothesis we have 

2’ S 09, Or, hr, . - A log (1 - i/8/a) (2-18) 


or S F(P.ar.br, )=-A 


(2- 19) 


where F 03) - S 0S)/log (1 - ijS/a). Differentiating (2 19) with respect to 

P we get r't -vw 

zr(^.) ar.br. )'=0 ( 2 ’ 20 ) 


If this holds for all sets of . then we get by setting them equal 

values for all r, that 

nF (fi.a.b, ...)=^0 C2’21) 

or S(^.a.b,.. .)- c log (1 - W«) (2 22) 


where c must necessarily be negative iTthe right-hand side is to re)[>resent a 
cumulant function. Hence /, (*„ a„ . ) is of the gamma type. So 
we get the result that if the sum of n independent variates drawn from n Afferent 
populations of the same type (the mathematical form remaining the same and 
the parameters may be varying) follows the gnmma type distribution law, 
then the above original populations also belong to the gamma type. As a result 
of this we get the necessary and sufficient condition for the sum of n mto 
pendent observations from a population to follow the gamma type is that the 
population itself is of the gamma type. Also it easily follows that (f the 
sum of two variates oj which one follows the gamma type. Is distributed in the 
gamma type, then the other variate also follows the gamma type. 


3. Diffbrbntial Equation Satbhed by thb 

CHARACTBWSnC FUNCTION 


When all the n variates are drawn from the same population, we have, 
it c (t) represents the characterisUc function of the distribution m the popula- 
tion satisfying M, 

{t (t. A', ft'. • h, ft,. . .). 


(3-1) 



On tkt MiCM Constrvtng Property 


169 


T*kmg loguithms and repreienting log o (#) by ip (t) we get 

y, It'.. . \/t, •.■)■ (3’2) 

Starting from ^ (t, A', ) we can form the differential equation aatiified 

by ^ under some analytical conditions by eliminating the constants A', ... 

The order of the differential equatioq is. in general, equal to the number of 
constants ehminatcd. Smce ^ (r, X, ft. . . .) also should satisfy this equation, 
we require that and np ^ould both satiny the differential equation for ip 


If the differential equation satisfied by ^ is 

D(^.f....)"=0 (3 3) 

then D(/iiA, ' (3 4) 

which shows that D must be homogeneous in ip. ip', >p'. . . the homogeneity 
of Dix.y.. . ) being defined as 

D(ax.ay.. .)»=/(«) D(jf, ) (3^ 

The differential equation (3 4) may be denoted by Dh = 0. Hence we get 


the results that the semi-invariant generating function corresponding to a 
distribution law satisfying M satisfies a homogeneous differential equation 
homogeneity being defined as in (3- 5). 

From the above differential equation Dh = 0, we can derive the difffer- 
ential equation satisfied by c(() byanaking the substitutions 

Ip =1 log c. Ip' =* c'lc etc. (3 b) 

If the differential equation Dh“» 0 arismg out of the probability differ- 
ential ^ (.*) dx IS homogeneous then the differential equation arismg out of 
the probability differential x ^ (^) ^ »» a'*® homogeneous which shows 
that the property M is conserved by the multiplicaUon of the distributive 
law by an eiqionential factor. 

Wo shall now consider some distnbution laws obtamed by inversion 
from Dh =■ 0. The simplest case is when the order of Dg => 0 is one, m which 
case the differential equation becomes 

t^f(t) (an arbitray ftinction) (3-7) 

V 

which gives the solution 

iP=^Xe*<^ where <P (/) « //(*) dt 
and c(t)mMe*. If admits an expansion in series we get 


(3-8) 
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which shows the Aai, Ao* are the semi-vananU of the diitribiitiotL In 

particular if Oj, <i*. . are the semi-invariants for any distnbution law then 
ruii, nflt, . . are the semi-mvariants for the sum of n independent observa- 
tions from the above distribuUon. This gives the result that the distribuiUm 
law of the sum or mean of a number of observations from any distrtbutUm law 
with finite semi-invariants sallies M The functional form of the ^stribution 
law may change with n but may be caimble of being represented hy a general 
type of funcUon. Thus we get a huge class of distnbution laws satisfying M. 

4. Measures <» Departure from M 
Given the probability density A, .. ) of a vanate x. we can, 
in general, replace the constants A. /n, . . by an equivalent number of scmi- 
invariants of suitable orders so that +i(x, A, i*. . .) may be wntten as 
4>(.x,ky,kt, ) where are the first, second, etc., senu-invanants. 

Ut the cumulant generating function be k (t. fc., ). Then the cumu- 
lant generating function of the mean of n observations is nk (t, k,. kt,... ). 
Let R (I, n, ky. kt, .) be defined by 

nk(^.ky.kt....ykit,kt.kjn. . ) 

+ R(/./».*i ) (41) 

When the distribution law satisfies M. R vanishes If not, it can be written, 
when it admits expansion, as 

R(/.«,Jki. ...)= (4 2) 

where s depends on the number of constants involved in the distribution law 
ofx Takmgtheexponentwl8m(4-l)weget 


On taking the mtegral transform we get the probability density S (s) of the 
mean as 

S (z)- ^ (r, k„ ks/n.- • •)+ 2 ^ ^ (')• (4-4) 

The expression consists of two portions The second part vanishes 
whra M holds and measures the depa^e from M when M does not hold. 

The considerations of replacing S(s) by ^(z, ktin ) dq?end upon 

the m«gnir«de of this measure. It is proposed to study the effect of the 
departure from M when n increases and also to consider the effect of 
r^lacing ^(z. fci, fc|/«) by the normal ai^ximation. 
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Om tfu Mmm Cotutftnmg Proptrty 
% SeiUES IN Oeivooonai, Polynomials 
Let M(a) be the m-gf. of a variate whose distribution Uw satisfies M 
aod /(o) any arbitrary function. If 


Gi»=Mi(a)^r^{/(a))'' 

(5 1) 

G,= M,(a) rj-jfffair 

(5-2) 

are the m g/’s of x, and *, following the distribution laws 



(5 3) 

*(x,A„,*„ . .)dx 

(5 4) 

then the m.gf of z - Xi+ Xgis ^ 
q:x=g.g.«MiM. r 

(5-5) 

-=M. ? 


The functional form of G will be same as that of Gj and G| 
for c/ and Or and b, i.e., a, satisfies the recurrence relation 

if the same holds 

„ Orb c: 

n 

(5'6) 


where b, and C/ are of the same form as o^ difieriog only in the parameters 
involved in them If (S ■ 6) holds then by successive applicauons we can show 


0=G,G.....G„ (5-7) 

has the same funcUonal form as C,. By a suitable selection of M (al and 
/(a) we can get several distribution laws satisfying M. 

Let M (a)= (1 - and f(a)=> o/(l- o) 

Sine* (l-a)-*’ a'/d-aX 

{-lYoT dC ^ 

, = p^p+rr'-jp^-i) M " 

i.e., the m.g/ corresponding to 

{5-8) 

where ^ (jf) - e-^ jAVfXrt and (^) ^ ^ W we see that 

(l-a)-^(«o+f )/(/)+ •• )athomg.f. of 
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where laUsfies (5*Q. TTii* i* » serie# in Lagurre'i polyaonawto 


Let M (ol = e*'»‘, / (a) - o We get that 


(5I«> 

7"- * '■* 

i« the of 

^(*)«» const.e Hi+ ^ Hi + - ^ (5-11) 


where 




which u a senes in Hennite polynomials satisfying M if sati^ (5-6) 
By suitable selections of M (a) and /(o) we can obtain the development of 
probability funcUons satisfying M in a series of Bessel functions (Neumann’s 
expansion) involving J,(x). Hypergeomctric and other suiUble fungous. 
These are omitted here as they are not of direct interest in graduation or 
tesu of significance 


6. Sosa Spbcial Ssribs 

A series of the form 


(6-1) 


IS of special interest for the gamma type distribution occurs as a generating 
function. We shall investigate into the nature of a, so that (6 I) satisfies M. 
If X and y follow the type (6- 1) with the parameters 

( 6 - 2 ) 


C A mt Pi . 

A mi Pi ' 
then the distribution of *= x+y is given by 

c'e-dr^ t6-3) 

where the integral is over the domain a defined byx>0, y>0aiKl 
X This becomes apart from const, r** 4z, 

rrf>f+ Ar + I) iTT (ii^+lJ+1) 

j«i + *.+ lK»' + 0+ * 

^ rT»ii+ mi+ A (p+ j)4- 

f6*4) 
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Or *“ Bril' i>nx + Ar + 1) 

V “ (**t + Aj + 1) 

The diitnbuuon of Z now becomes 

c* ^ P 1) 

«c« «-•*<& £ ^z" 
where m =• mj + »n» + 1 and 

A/ J* (/M| -f- ffi| + A/+ 1) =° A/ *= / 1 I j- [ 

Which shows that (6-1) satisfies M if aV satisfies (5-^ The method of prwf 
can be extended to the sum of « vanates. Some particular forms of a’, give 
rise to important distribution laws. 

(al aV®^' then (6* 11 satisfies 

(« aV= r + r) satisfies 

(c) t^r^r(p + r)q' satisfies M*' 

(d) S r(p, + r,)^/* r{p^ + r^ q'' satisfies m"’*’*’”’" 
The solutions for (a), (h). (c) and (i), in the special case A =- 1, become 

(a) ct 

(h> 

(c) ctr^ xT iFt(jf.m+l.qx) 

(d) The distribution (2- 13) of Section 2. 
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AN ELECTRICAL AIRPLANE C.G. POSITION 
INDICATOR* 

By P. Nilakantan 

Received November 10, 1945 
INTI«»UCTK)N 

Althouoh scvcrtil types of Airplane C O Dotenninators are known which 
work on the mechanical pnncipic of the lever just as the common balance, 
their manipulation is rather cumbersome and the devices themselves arc not 
very handy In the present paper an electrical circuit is described which is 
capable of indicating the centre of gravity position of an airplane for any 
arbitrary manner of loading after a few adjustmenU requiring very little skill. 
The design of the circuit for the case of a typical airplane is explained with 
the help of a numerical example This should serve the purpose of ftirther 
clarifying the theoretical considerations 

Basic Principle 

The position of the centre of gravity of an airplane in the horizontal 
plane and at the normal attitude correspondmg to the level flight condition 
at cruising speed, is determined by the relation, 



where w, is the weight of load item t, and is the correspondmg moment 
arm measured from any convenient centre of gravity datum point, the total 
number of items being » A simple electrical analogy of the division mdicated 
m relation (1) may be envisaged by considering a voltage that is proportional 
to the algebraic sum of the moments, applied at the ends of a resistance that 
is proportional to the sum of the wcigl^. the resulting current in the resisU 
ance will be proportional to the distance of the centre of gravity of the air- 
plane from the datum point. This is the basic principle of the centre of 
gravity indicator. 

Theory of the Electrical Circuit 
The arrangement of an electrical circuit in order that the conditions 
mentioned above may be realized in practice is shown in Fig. I, 


* Piieeti spi^ for. 
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R, R^f*, •*» 'I 'I ^ 



1- r. r, r, n i 




The resistances, R«, Rx, Rj. Rio shown in the figure, are made 
proportional to the momenu m*, m,, mt. mi, of the airplane weight 
empty and the altogether 10 items of the disposable load respectively (n is 
arbitrarily assumed to be 10 m this case) Similarly, the resistances r,, rj, 
Tio are made proportional to the corresponding weights w,, Wi, . Wi, 
respectively All the positive moments (clockwise) are included in the arm 
ABC while all the negative moments (anti-clockwise) are in the arm AFE 
of the electrical circuit. The R^’s are two equal resistances. Gj and O, 
are current meters while G, is a sensitive galvanometer G, has its zero 
reading m the middle of the scale 

The rheostats R, and R, may bo so adjusted that G, reads zero, then 
the currenu m the arms ABC and AFE arc equal The rheostat R. could 
then be adjusted such that the current register^ by Oi has a q^ecific value 
say Cl. C| is an instrument constant and its significance will become evident 
later. The currents in the arms ABC and AFE of the circuit will have the 
same value, say c,, which agam will be equal to ^ci This is due to the fact 
that the two resistances Ra, are equal and G, reads zero. The currents in 
the arms CD, DE. and CHJE will be equal to c, c„ c, - c,. and c, res- 
pectively. A?plymg the well-known law of electrical networks, the foUoW- 
mg relations are obtained: — 

c.R*- c,Rb-V=0 (2) 

(c, + cj Rx- (c,- Rv -I- ‘V- - 0 (3) 

c,(R„+ Ra)+ (c,+ cO Rx” c, (R„-f Rb)+ (c,- Ct) Ry 

-Er,- (R o,+ R,)ci-E 8 ay (4) 

where, 

Rx»= R,+ R,+ R 7 + R 8 + Rt+ Ri#. 

R,- Ri+ R»+ R.+ R«+ R.. 

r *> r, -t- /"i ■+• /"$ + rif ; 



176 


P. Nilakantaa 


Rq, IS the resistance of Ot and 
r# includes the resistance of 0». 

From equations (2), (3) and (4). the following relaUons arc easily obtained, 
namely, 

(5) 


Rx= {f- (R»+ Ra)1 W 


Although the value of c, and therefore of c» also may be arbitrarily 
decided upon initially m order to suit the most advantageous design of the 
instrumoit, the absolute values of R* and Ry are not uniquely determined ; 
their values will depend upon the values of E and R* The relative values of 
Rx and Ry are, however, fixed by the values of Ra, Ri and r, accoidmg to 
the relation. 


Ra- Rb 
r 


Rv- Rx 
Rx"!* Rv+ 


( 8 ) 


The operations performed may now be considered in the light of the 
above equations. The essential object of the manipulations has been to 
make c» equal to iC|. The relation (5) then directly gives the answer to the 
problem. For, (Ra- Rb) correspond to the algebraic sum of the moments 
and r corresponds to the total weight of the airplane, c, being an instrument 

constant Hence, c, is always proportional to 


Assunung the resistances to be so chosen that 1 ohm of the resistances 
R^ IS equivalent to a inch-pounds and that I ohm of the r,'» is equivalent to 
b pounds, we have then from equation (5), 

S ^.= t^A- RB) "inches (9) 

c'l b r h 

In other words, if c,. read m miUi-amperes, is multiphed by the factor ^ - 
in which c, is also in nulU-amperes, we get directly the C.G, position in mches 
from the datum pomt. For practical purposes O, can be calibrated in inches 
of C.G. position fore and aft. Since Cj is an instrument constant, ita value 
read on G, may also be indicated by an indbx mark on the dial of the instro- 



An EUettucU Airpiam C.G. Positum Induator \il 
Some Phactkal Conbmkations 

It is not die purpose here to go into minute details of design of the 
circuit for any airplane. But attenUon may be drawn to some pomtS of 
practical mterest by considermg the case of a typical airplane of 6,000 lbs. 
groas wei^t The weight and moment data of the airplane are given m 
TaWe I below. 

Tablb I 



The datum pomt in the horizontal plane for the measurement Qf 
moment arms has been chosen for convenience as that correspondmg to the 
centre of gravity position of the airplane weight empty In fact, it may be 
preferable to choose the datum point given by the manufacturer himself 
and the centre of gravity limits specified in the Airplane Manual with 
reference to this datum point may be indicated on the dial of G* This 
however, is only a design detail. 


Table II 



Adjustable in fVactions i. i and i of flail value 
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The electncal arcoit for the airplane under consideration may be 
designed such that 1 ohm of the R^’s is equivalent to 1000 inch-pounds and 
1 ohm of the r.’s to 10 pounds wei^t. The actual values of and R/ for 
the various items are then as given in Table II. 

The value of c, is fixed at 20 miUi-amperes. Hem* c, will be 10 milli- 
amperes. The multiplymg factor is 10 when c» is read in milh-amperes. in 
order to get the C.G. position in inches. For the battery a two-volt accumu- 
lator cell may be used 

Constdermg the case of the fully loaded airplane, we have 
Rj, -641 D 
Rb - 7-65 a. and 
r =600/) 

Hence t, = -941 nia. This evidently corresponds to a CO. position 
of 9 41 inches aft of the datum pomt If the R„,’8 are each equal to 10 Q, 
then it may be easily shown that, corrcspondmg to a value of (Rq, +Ri) «= 50 U, 
R, =23-7fi. and 
Rv =90‘8/J, 

from equations (4), (6) and (7) 

It may also be shown that if R* is initiaUy kept at some arbitrary value, 
say 20 O. the appropriate values of Ry and (Rc, + Rz) are 86’48 O and 52 Q 
respectively 

The above considerations show that the manipulaUon of the instrument 
IS a very simple matter and often only Ry and Rj need be adjusted. 

By means of the short-circuiting plugs provided, any arbitrary manner 
of loading of the airplane may be reproduced on the circuit (see Fig 1), and 
the C.O position in inches read directly on the dial of Gj after two or 
three adjustments. 

Summary 

The theory of the electncal circuit of an Airplane C.G. Position 
Indicator has been developed. The practical applicaUon of the circuit to 
the case of a typical airplane has been demonstrated with the help of a 
numencal example. 
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2;4-Dihydroxy-5-fonnyl beozoic acid was syntbtsised by Dcsai and 
Radha,* by the action of hexamethylene tetramine on methyU/^fcsorcylatc 
in glacial acetic acid. The same reaction has now been extended to some 
phenols and to methyl-2 • 3 . 4-tnhydroxy-benzoate 

Methyl-2- 3. 4- tnhydroxy-benzoate on formylation with hexamethylene 
tetramine in glaqial acetic acid, yidded fflethyl'2 3 . 4- tnhydroxy-S-formyl- 
benaoate, which was characterized by the preparation of its 2 4-dinitro- 
phenyl hydrazone, 4-nitrophenyl.hydrazoDe and semicarbazone derivatives. 

The ortho-hydroxy-aldehydic structure of the formyl ester was proved 
by the preparation of the coumarin derivatives of the formyl ester with ethyl 
acetoacetatc and ethyl malonate by the Knoevenagel condensation Thus, 
with ethyl acetoacetate, the ester gave methyl-7 • 8-dihydroxy-3-acetyl- 
coumarra-6-carboxylate and with ethyl malonate, it afforded ethyl-7- 8- 
dihydroxy-6-carbomothoxy coumarin-3-carboxylatc 

Clemmensen roducUon of the formyl ester afforded mcthyl-2.3 d-tn- 
hydroxy-5-methyl benzoate 

Hydrolysis of the ester gave the correspondmg aWehydo-acid, 2.3 4- 
tnhydroxy-5-fonnyl benzoic acid, which when subjected to decarboxylation 
underwent decomposition 

On Perkin’s acetylation and condensation with bromacetic ester, the 
formyl ester was recovered unchanged. 

Attempts were made to formytete orcinoJ, roothyl-/»-or»cUinate, phloro- 
glucmol, resawtophenone, methyl-resaceto-i*enone carboxylate, hydro- 
qulnone, 1 . 3 , 5-triacetoxy benzene, metbyl-«-resorcylate, y-rcsorcylic acid, 
and methyl-y-resorcylate. Of these, ordnol, methyl-p^orsellmate, phloro- 
gluciQol, y-resorcylic acid and methyi-y-reiorcylatc gave amorphous, ydlow- 
ish-brown, high-meltmg compounds which contained appreciable amount 
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of nitrogen. Resacetophenone and hydroqumone gave oily products wh^ 
did not solidify, whereas in the case of inetbyl resacetophenone carboxjnate 
and 1.3: 5-tnacetoxy benzene, no reaction took place and the starting com- 
pounds were recovered. Mcthyl-w-resorcylate alTorded a yellowish, nitro- 
genous amorphous, and high-melting compound which reacted with djmtro- 
phenyl-hydrazine, indicating the presence of traces of the aldehyde compound. 

Expbw»«nta^. 

FormyUuton of methyl-2 : 3 : ^trihydroxy benzoate ’ Methyl-2 ■ 3 : 4-tri- 
hydroxy-S-formyl benzoate A mixture of metbyl-2 . 3 • 4-tribydroxy benzo- 
ate (12 g.), hexamethylene tetramine (36 g ), glacial acetic acid (60 cc.) and 
sodium bi-sulphite (6 g.) was heated on a water-bath for 8-10 hours and for 
further 3-4 hours after the addition of dilute hydrochloric acid (130 c.c., 
1:1) An orange-red compound, which separated, was filtered off The 
filtrate was salted and both the filtrate and the orange-red solid, were ex- 
tracted with ether, when a pale-yellow mass was obtamed on the evaporation 
of the ether. On crystallizing from dilute hot alcohol, whitish, shiny, micro- 
crystals were obtained (6 7 g ), m p 169-70°. (Found: C, 51 -4; H, 4-3; 
C;H«0« requires C, 50 9 ; H, 3 • 8 per cent ) It gave a dark green colouration 
with alcohohc ferric chloride 

The !•. ^-<Unitrophenyl hydrazone of the formyl ester prepared m the 
usual noanner and crystalliz^ from glacial acetic acid m tiny orange-red 
crystals, melted at 295° (Found N, 14' 2, CuH,|OtN4 requires N 
14-3 per cent.) 

The A-nttrophenyl hydrazone of the ester, prepared by the usual meth^ 
and crystallized from acetic acid m orange red micro-crystals, melted at 
285° with decomposition. (Found. N, 12- 1, CjpHuOiN, requires N, 
12-5 per cent.) 

The semicarbazone of the ester, prepared in the usual manner, gave 
colourless micro-crystals, m.p. 238* (Found. N, 15 ‘6; CiiHiiO«Ni 
reqiuYes N, 15-7 per cent ) 

Methyl-1: 8 <lihydroxy-3-acetyl-comann-b-carboxylate.--?ipcniiDC (3 
dfops) was added to a mixture of the formyl ester (1 g.) and ethyl acetoacetate 
(1 g.) dissolved in pyridme (10 c.c), and the mixture was beat^ at 100° for 
one hour. The solid obtamed on the addition of dilute hydrochbnc acid 
was tnturated with 2 N-potassram hydroxide solutmn to remove the unreacted 
formyl ester. The insoluble solid obtained crystaUixed in greyish-white 
needlu from dilute hot alcohol, m.p. 263-64°. (Found . C. 56*3; H, 4-0; 
CiiHiA requires C, 56- 1 ; H, 3 6 per cent ) 



/ie/um of Hexamethyltn* Teitnmtnt on Phenols — // ISl 

Ethyl-7 : i-dihydroxy-6-carbomethoxy-coumarm-‘i-carboxylate — Pipendine 
(3 drops), was added to a mixture of the formyl ester (1 g ) and ethyl malonate 
(1 g ) dissolved in pyndine (10 c.c ) and the mixture was heated on boiling 
water*bath for two hours. The solid obtained on acidifying with dilute 
hydrochloric acid, crystallized from hot alcohol m colourless needles 
(0-25 g). mp. 245-47". (Found- C. 54 2; H, 3 5, Ci4Hi,0, requires 
C, 54 5; H. 3-8 per cent). 

Methyl-2: i: h-trihydroxy-S-melhyl benzoate. — The formyl ester (1 5g.), 
dissoved in hot alcohol (20 c.c), was gradually added to a mixture of zmc 
atnal gnm (prepared from 20 g. of zinc dust according to Robinson and Shah*) 
and dilute hydrochloric acid (50 cc , 1 • 1) at 100®, more alcohol being added 
to keep the ester m solution whenever it was necessary. After one hour, 
concentrated hydrochloric acid (10 cc.) was added and the heating continued 
for a further half hour The hot liquid, after filtration deposited shuiing, 
greyish micro-crystals, m p. 178-79®, on cooling. The ethereal extract of 
the zinc amalgam gave a further yield of the same compound Total yield 
(0-8 g.). (Found; C, 54-3, H, 5 0; C.HioO» requires C, 54 5, H, 5 0 
per cent.) It did not react with 2 4-dinitrophcnyl hydrozme and the mixed 
melting pomt with the formyl ester was 130-40® 

2.3: 4‘trihydroxy-5-/ormyl-benzoic acid —The aldehydo-cster (0 • 7 g.) 
was dissolved m sodium hydroxide solution (20c c, 10%) and heated on 
a water-bath for 2-3 hours. The hot solution was filtered and acidified with 
hydrochloric acid. The solid was purified through sodium-bi-carbonate 
solution and crystallized from very dilute alcohol in colourless micro-crystals, 
mp. 221-22®, (Found- C, 48-7; H, 3 0; C|H«0, requires C, 48 5; 
H 3-0 per cent) 

The foregoing formyl acid (0-2 g.) was heated m a hard glass sealed tube 
with water (10 cc) and hydrochloric acid (1 cc) for 5-6 hours at 160-70®. 
The dark brown solid purified through sodium bicarbonate solution did not 
give tests for the aldehyde group with 2 : 4-dinitro-phenyl.hydrazine. 

Summary 

1. Methyl-2- 3: 4-trihydroxy benzoate was formylated by the action 
of hexamethylene-tetramme m glacial acetic acid and methyl-2: 3:4-tn- 
hydroxy-5-formyl benzoate was obtained. Several derivatives of the formyl 
ester were prepared and the structure established. 

2. Formylauon of several hydroiy compounds was also atteoqjted. 
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THE ACTION OF HEXAMETHYLENB TETRAMINE 
ON PHENOLS AND THE METHYL ESTERS OP 
PHENOL CARBOXYLIC ACIDS 

Part III. The Sjmtheeie end Study of Methyl-2-hydroxy-l- 
forrayl>3*Depbthoete 

By R D. Dbsai. (Mtss) K S Radha and R C Shah 

{From the D*panmua of Ckmlcai Ttehttebty, VrinrsUy of Bombay ani tht Dopartmim 
of Cbrnditry, Royal ImUiat ofSetooct, BooAay) 

Rtodvwl OeeuBbtf 26, I94i 

iN'ContuMiatlon of our previous work,* the fonnylation of phenob and ^enol 
carboxylic esters, has now been extended to some methyl esters of naphthol* 
carboxylic acids, namely, methyl-2-hydroxy-3*naphthoate and m^yl-2- 
hydroxy-l-naphthoate. 

Methyl-2-hydroxy-3-naphthoate on fonnylation with hcxamethylene 
tetramine m glacial acetic acid, yielded a mixture of methyl.2-bydroxy»l* 
formyl-3-naphthoate and 2-hydroxy*l*fonnyl*3-naphthoic acid. The struc- 
ture of the latter was proved by the hydrolysis of the former and the subse- 
quent hydrolysis product on decarboxylation underwent simultaneous de- 
formylauon to give ^naphthol. The formyl ester and the aad both were 
characterized by their functional derivatives, like 2.4-dinitro-pheDyl hydra- 
zones and semicarbazones The ortho-hydroxy aldchydic structure was 
proved by the formation of coumann derivatives, viz., 3-Bcetyl-IOcarb- 
methoxy-^naphtha-«*pyronc and S-carbethoxy-Kkarbmethoxy-^naphtha- 
a-pyrone by the knoevenagel condensabon of the formyl ester with ethyl aceto- 
acetate and ethyl malonate respectively. On subjecting it to Perkin’s acet^> 
auon It yielded, lO-carbmethoxy-JJ-naphtha-a-pyrone while condensation 
with ethyl broraoacctate gave, etbyI-l-formyl-3-carbmethoxy-naphthalwie-2 
b-acetate, which on treating with sodium ethoxide in absolute alcohol, gave 
a coumarone derivative, cthyl-/i-napbtha-furane-9-carboxy-2-carbokylate. 
Gemmensen reduction of the formyl ester with different solvents, under 
different conditions, gave different products. Methyl alcohol as the solvent 
afforded methyl-2-hydroxy-l-methyl-3-n4pbthoate, which on hydrolysis gave 
the corresponding acid, 2-hydroxy-l-n\ethyl-3-naphthoic acid, which could 
not be decarboxylated. 
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However, when glacial acetic acid is used as the solvent and the reaction 
mixture heated for different lengths of time, two more compounds, which 
are being studied, are obtained. 

Methyl-2-hydroxy-l-naphthoate could not be similarly formylated. 

Bxpeiuuental 

Formylation of metkyl-2-kydroxy-2-naphthoate-rMtthyl-2~hydToxy-l- 
formyl-3-naphthoate and 2-hydroxy-l*formyl-3-naphthoic acid. A mixture 
of methyl-2-hydroxy-3-naphtboate (10 g.), hcxamethylene tctramire (30 g) 
and gla^ fll acetic acid (50 c c.) was refluxed on a water-bath for 5-^ hours 
and further for three hours, after the addition of hydrochloric acid (100 c.c., 
1;1). The solid which separated was filtered, washed and treated with 
sodium bicarbonate solution (5%). The insoluble solid was washed with 
water and was crystallized from ^ial acetic acid in very shiny, yellow plates, 
mp. 146-47”. (Found: C, 67-6; H. 4 0, CuH,gO« requires C, 67'8, 
H, 4'3 percent.) It gave an intense blue colouration with alcoholic ferric 
chloride. 

The sodium bicarbonate-soluble portion was acidified with dilute hydro- 
chloric acid, and the solid obtained was crystallized from very dilute alcohol 
in yellow miao-crystals, mp. 218*-20‘’ Mixed melting point with 2- 
hydroxy-l-formyl'3-naphthoic acid (described later) was undepresied. 
(Found; C, 63-6 , H, 4 0. CiiHgOg iH,0 requires C, 64 0, H, 4 0 
per cent.). It gave effervescence with sodium bicarbonate solution and a 
blue colouration with alcoholic feme chloride 

The p-nitrophenyl-hydrozone of the formyl ester prepared as usual, crystal- 
lized m orange-red microcrystals from glacial acetic acid, m p 295® (decemp ) 
(Found: N. 11-2, CiiHi»0,N, requires, N. 11 5 per cent.) 

77m 2- ^■AMtrophenyfhydrazone prepared in the usual manner crystal- 
lized in orange-red crystals from glacial acetic acid, m p 298° (decomp.). 
(Found: N, 13-2; requued N, 13-6 per cent ) 

The setnicarbaxone prepared as usual crystallized from alcohol in shiny, 
pale-yellow micro-crystals, m.p 238° (Found: N, 14 5; QiHuOgKt 
requires N, 14 -6 per cent.) 

i.carbtthoxy~\Q-carbmethoxy~ft-naphtha-orpyrotM —Piperidine (4 drops) 
was added to a mixture of the formyl ester (0-9 g > and ethyl malonate (1 g ) 
dissolved in pyridine (10 c.c.) and the mixture was heated on a water-bath 
for two hours. The sold obtained on acidifying with hydrochloric acid was 
crystallized from hot alcohol in shiny, greenish-yellow micro-aystals. m,p. 
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157-58°. (Found. C, 66 2; H, 4 1, CmHj.O, requires C, 66-3; H, 4-3 
per cent.) 

3’Acetyl-\0-carbmethoxy~^-iuqihtluha-pyrone —A mixture of the formyl- 
ester {0'5 g.), ethyl acetoacetate (0 6 g ) and piperidine (3-4 drops) was heated 
on a water bath for two hours During heating, very long yellow needles 
separated, which were filtered, washed with hydrochloric acid and water 
and dried, mp. 240-41°. (Found; C.68-6; H,4 1; C„Hi,0, requires 
C, 68-9: H, 4 0 per cent.) 

Ethyl-l-formyl-2-carbmethoxy~naphthaIene^2-o~acetate — The formyl ester 
(0-9 g) was dissolved in acetone (100 c.c.), ethyl bromo acetate (1 g.) and 
anhydrous potassium carbonate (2g) were then added to the mixture and 
refluxed on a water-bath for 10 hours The excess of ethyl bromoacetato 
and acetone were driven off m a current of air, after filtering off the potassium 
carbonate, and the flaky mass obtained was crystallized from hot dilute 
alcohol in long, woolly, pale-yellow needles, mp 116-17*. (Found. C» 
64 6; H, 4 7j requires C, 64-5; H. 5-0 per cent ) 

Ethyl-p-naphtha-furane-9-carboxy-2-carboxylate —The foregoing com- 
pound (1 g ) was dissolved in the minimum quantity of absolute alcohol 
(7 c.c ). Freshly cut metallic sodium (1 g ) was dissolved in absolute alcohol 
(25 c c.) and was gradually added to the soluUon of the ester in small quanti- 
ties with vigorous shaking. The flask was stoppered bghtly and left for one 
hour at room temperature The solution was filtered and acidified with 
hydrochloric acid The yellow precipitate obtained crystaUized in very 
shiny yellow, miCTo-crystals, mp 174-75® (Found C, 67-8; H, 4-5; 
Cl, Hi, O, requires C, 67 6; H, 4-2 per cent.) It gave effervescence with 
sodium bicarbonate solution. 

lO-Carbmethoxy-P-naphtha-a-pyrone . — ^The formyl ester (1 g.) was heated 
on a sand-bath with acetic anhydride (20c.c) and anhydrous sodium acetate 
(2 g.) for 6 hours. The solid obtained was treated in the usual manner and 
crystallized from hot dilute alcohol m long golden yellow needles, m.p. 177®. 
(Found. C, 70 5, H, 3-5; CuHuO, requires C, 70-8; H, 3-9 per cent.) 

Methyl-l-methyl-2-hydroxy3-naphthoate.—Tbe formyl ester (2g) dis- 
solved in hot methyl alcohol was gradually added to a mixture of zinc amal- 
gam, prepared from zinc dust (20 g.) according to Robinson and Shah* and 
dilute hydrochloric acid (50c.c. 1:1) at 100°, more alcohol bemg added 
whenever necessary to keep the ester m solution After one hour, concen- 
trated hydrochloric acid (10c.c.) was added and heating contmued for a 
lurthcr half hour. The hot liquid was filtered, alcohol evaporated and the 
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acidic solution extracted with other. The yellow solid obtained on the eva- 
poration of ether crystallized from very dilute hot alcohol in long, pale yellow 
needles, m.p 7(V-7r (Found: C. 71-9; H, 5-5; Ci,Hj.O# requires 
C, 72-2; H, 5-5 per cent.) It gave blue colouration with alcohohc feme 
chloride, did not react with 2‘ 4-dinitro-phenyl hydrazene, did not dissolve 
in nor gave effervescence with sodium bicarbonate solution 

Methyt-\‘methyl-l-hydroxy-7>-naphthoic oewf.— Hydrolysis of the fore- 
going reduced ester by sodium hydroxide afforded a yellow sobd, which on 
treating with sodium bicarbonate solution and subsequent acidification was 
finally obtained as a yellow solid which crystallized from hot dilute alcohol 
in very shiny yellow micro-crystals, mp 235® (Found' C, 71 6; H, 4"9; 
CuHi/)t requires C, 71 -3, H, 4-9 per cent) It subbmed on heating in a 
dry test-tube, gave effervescence with sodium bicarbonate solution and gave 
an intense blue colouration with alcoholic feme chloride 

Clemmensen reduction of the formyl ester with glacial acetic acid as 
solvent.— The formyl ester (0-5 g) was dissolved m glacial acetic acid and 
added to zinc amalgam prepared from zinc dust (15 g ) as usual Concen- 
trated hydrochlonc acid (10c c ) was added to it and heated on a water-bath, 
the mixture being tested for the formyl group every five minutes with 2 • 4- 
dimtrophenyl-hydrazinc The heating was continued till the solution in the 
flask gave no preapitate with the hydrazme, which meant the completion of 
the reduction, and the solution was filtered hot. The filtrate deposited some 
pasty mass, which was purified and crystalbzed from hot dilute alcohol m 
shmy, yellow miCTO-crystals, m p 235°. This was identified as l-methyl-2- 
hydroxy-3-naphthoic acid by the mixed melting point with the previously 
obtained acid in the last expenment 

The zinc amalgam was extracted with ether which on the evaporation 
gave a pasty mass and some yellow, crystalline solid. These were mecha- 
nically separated and the yellow crystals repeatedly crystallized from glacial 
acetic acid in shiny yellow micro-crystals, mp 223°. (Found. C, 73 6; 
H, 5-6.) It was insoluble in sodium hydroxide and sodium bicarbonate 
solutions. It did not give any colouration with alcoholic feme chloride 
nor reacted with 2 : 4-dinitrophenyl hydrazene. The pasty mass on treating 
as usual with sodium bicarbonate solution and subsequent acidification, 
afforded l-methyl-2-hydaoxy-3-naphthoic acid, m p 235° which was identi- 
fied by mixed melting pomt with the previously obtained acid 

The reduction experiment was repeated using glacial acetic acid as 
solvwit, the heatmg being stopped after one hour, 
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The hot solution was filtered and deposited some yellow crystals, m.p 
250® and a pasty mass which were separated mechanically. The pM^ mass 
on treating with sodium hydroxide solution and subsequent acidification 
gave l-methyl-2-hydroxy-3-naphthoic acid, m p. 255®. Mixed melting point 
with the previously obtained aad was undepressed. 

The yellow crystals on repeated crystallization from glacial acetic acid 
gave yellow micro-crystals, m.p. 263-65® (Found: C, 70 9; H, 5-1 per 
cent) It dissolved neither in sodium hydroxide nor sodium bicarbonate 
solutions It did not react with dinitrophcnyl-hydrazine nor gave any 
colouration with alcoholic feme chloride 

In another experiment, the reaction mixture was heated for 4 hours, 
and on giving the usual treatment, both the filtrate and the zme amalgam 
yielded the product melting at 265“ 

\-formyU2~hydroxy-'i-naphtho{c add. — The formyl ester (0-5 g.) was 
hydrolysed as usual, with alcoholic sodium hydroxide solution (10%) The 
solid obtained on acidifVuig the filtered alkaline solution, was washed Md 
taken through sodium bicarbonate solution (5%) and filtered. On acidi- 
fymg the filtrate with hydrochloric acid, a yellow solid was obtained which 
crystaUized in shining yellow micro^rystals from hot alcohol, m p. 222-23® 
Mixed melting point with the previously obtained acid was unaltered. (Found . 
C, 63 6, H, 4 0. C„H,04 +iH,0 requires C, 64 0, H, 4 0 per cent.) 

Decarboxylation of the foregoing acid (0 3 g.) by heating it in a sealed 
carius tube with water (10c.c.) and hydrochlonc acid (1 c.c.) for 6-8 hours 
at 198-200® afforded a sticky paste This, on triturating with sodium bi- 
carbonate solution and filtration, left an insoluble pasty mass. This was 
washed with water and crystallized from boiling water in very lustrous, white 
silvery plates, m.p 124-25®, and identified as fi-naphthol. 

The repeUtion of the experiment by heating the canus tube at a lower 
temperature and for a shorter time resulted in the formation of ^naphthol 
and some undecarboxylated acid. 


Summary 

1. Methyl-2-hydroxy-l-formyl-3-naphthoatc was synthesised by the 
action of hcxamethylene-tetramine on methyl-2-hydroxy-3-naphthoate. 

2. Similar formylation of methyl-2.hydroxy-l-naphth08te was attempted 
with negative results. 
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THE ACTION OF HEXAMETHYLENE TETRAMINE 
ON PHENOLS AND THE METHYL ESTERS OF 
PHENOL CARBOXYLIC ACIDS 

Part IV. Tho Syntheaia and Study of Mathyl-l-hydroxy^-formyl 2- 
naphthoate and 2.Acetyl.4-formyl-o.naphthol 

By R D Desai. (Mtss) K SL Radha and R C Shah 

(fWtfft th* Dtpvlmtiu efOumlcal Ttehneloty, Vnfvtntty of Bombay and tb$ Dtpartmint 
af Chimtttry, Royal hulltUt of Scitiut, Bombay) 

Recwvtd December 26. 1945 

In continuation of the previous work* the formylation of phenols and phenol- 
carboxylic esters has now been extended to methyl-1 -hydroxy-2-naphthoate, 
2-acetyI-a-naphthol and 4-acetyl-fc-naphthol 

Methyl-l-hydroxy-2-naphthoate on formylation with hexamethylenc 
tctramine in glacial acetic acid, yielded a mixture of methyl-l-hydroxy-4- 
fonnyl-2-naphthoate and l-hydroxy-4-formyl-2-naphthoic acid The stnic- 
ture of the latter was established by the hydrolysis of the former The formyl 
ester and acid both were characterized by their functional denvatives, hke 
2:4-dinitrophenyl hydrazones and semicarbazones. Clemmensen reduction 
of the formyl ester afforded methyl-l-hydroxy-4-methyl-naphthoate, which 
on hydrolysis gave the corresponding acid This acid on decarboxylation 
yidded the known 4-m«hyl-a-naphthol of Lesser* which proved the 4-posi- 
tion of the formyl group and tho structure of the formyl ester 

The formyl ester with ethyl accto-acetate, ethyl malonate and ethyl- 
bromo-aceute afforded, 3-carbmothoxy-4-hydroxy-naphthylidene ethyl-aceto- 
acetate. 3-carbmethoxy-4-hydroxy-napthylidene ethyl malonate and ethyl-4- 
formyl-2-carbmethoxy naphthalene l-o-acetate respectively. On Perkin’s 
aortylaUon the hydroxyl group got acetylated and mothyl-l-acetoxy-4-formyl- 
2-tuphthoate was obtamed. 

2-8cetyl-a-naphlhol on similar formylation afforded 2-Bcetyl-4-formyl-o- 
naphthol. The formyl ketone did not undergo Knoevenagel condensation 
with ethyl acetoacetate and ethyl malonate, nor did it condense with ethyl 
teomo acetate. When subjected to Perldn’s acetylation tho ketone was 
rocovered and Oemment® reduction gave an oil which would not solidify. 

The formyl ketone was characterized by the preparation of 2: 4-diDitro- 
ptoiyl-hydrazone and semicarbazone. 


is; 
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4-Acetyl-«-n8phthol, could not be similarly formylated and the original 
ketone was recovered quantitabvely. 

Experimental 

FomyUxtion of methyl-\-hydroxy~l-tu^hihoate‘. MethylA-hydro'xy-A- 
formyl-2-mphtkoate and \-hydroxy-^formyl-2-naphthoic acid.— A mixtiue of 
methyl-l-hydroxy-2-naphthoate (10 g.). hexamethylene tetramme (30 g.) and 
glacial acetic acid (50 cc) was refluxed on a water-bath for 5-6 hours and 
further half an hour more after the additon of dilute hydrochloric acid 
(50cc, 1:1) The solid that separated was filtered, washed and taken 
through sodium bicarbonate solution (5 per cent ) The insoluble solid was 
washed with water and was crystallized from hot dilute alcohol in long golden 
yellow needles, m p 123-24“ (Yield, 4 5 g ) Recrystalhzation from 
glacial acetic acid gave very shiny, yellowish brown plates, mp. 126-27“. 
(Found. C, 68-4; H, 4 8; CuHio04 requires C, 67-8, H, 4 4 per cent ) 
It gave a blmsh purple colouration with alcoholic feme chloride 

The sodium bicarbonate-soluble portion was obtained by acidifying the 
filtrate with dilute hydrochloric acid The solid obtained was washed and 
crystallized from very dilute alcohol in yellow-micro-crystals (0 98 g.) 
m p 250*. Mixed meltmg point with l-hydroxy-4-formyl-2-naphthoic aad 
(described later) was undepressed. It gave effervescence with sodium bi- 
carbonate solution and reacted with 2 . 4-dinitrophcnyl hydrazine and semi- 
carbazide 

The formylation did not succeed if the methyl ester was rqilaced by the 
acid. The reaction gave a complex, yellow, mtrogenous and high-melting 
compound. 

The2:A-dinitrophenyl-hydrazone. prepared as usual, crystallized in orange 
needles from glacial acetic acid, m.p 267-69“ (Found: N, 13-4, 
CiiHxAN* requires N, 13 7 per cent) 

Jlte d-nitrophenyl-hydrazone, prepared m the usual manner crystallized 
in orange-red needles from acetic acid, mp 267-68“. (Found. N, 11 '3; 
C«HuOJ4* requires N, 11*5 per cent.) 

The semicarbazone, prepared as usual, crystallized m shining pale yellow, 
microcrystals, from alcohol, m.p. 275“. (Found: N, 14 4; Ci4Hi«04Na 
requires N, 14-6 per cent.) 

i^Carbmethoxy-A-hydroxy-napthyUdene ocrto-ace/o/e.— Piperidine (4 
drops) was added to a mixture of methyl- l-hydroxy-4-formyl-2-napbthoate 
(2g.) and ethyl acetoaoeUte (2g.). dissolved m pyridine (10c.c.). The 
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mixture was heated on a boiling water-bath for 2 hours. The solid obtained 
on acidification with hydrochloric acid, was crystallized from hot alcohol nl 
colourless tiny needles, m.p. 133-34*. Mixed melting point with the formyl 
ester was 95-118°. (Found. C. 66-4; H. 5 3; CuHigOe requires C, 66-7; 
H, 5-3 per cent.). 

3~Carbmethoxy-4-hydroxy-naphihyMene-elhyl-malonate — Pipendme (3 
drops) was added to a mixture of the formyl ester (2 g.) and ethyl malonatc 
(2g.) dissolved in pyridine (10 cc). The mixture was heated on a water 
bath for 2 hours and the sobd obtained on acidifying it with hydrochlonc 
acid, crystallized from alcohol in colourless imy needles, mp 142-43° 
(Found: C, 64 1, H, 5-5, CmHmO, requires C, 64 5; H, 5 3 per cent) 

Ethyl-A-formyl-l~carbmethoxy-mphthalene-\~o-acetate,—Jo a solution of 
the formyl ester (1 g ) in dry acetone (100 c c ), ethyl bromo-acetate (1 • 5 c c ) 
and anhydrous potassium carbonate (2g) were added The mixture was 
well shaken and refluxed on a water-bath for 10 hours The excess of brom- 
acetic ester and acetone were driven oflT in a current of air, after filtering off 
the potassium carbonate The white solid obtained, was crystallized m 
pale-yellow micro-crystals from hot alcohol, mp 205-06° (Found: C, 
64-7; H, 5 5; requires C, 64-5; H, 5 0 per cent) 

Methyi’l-acetoxy-4-formyl-2-naphthoate —The formyl ester (1 g.) was 
heated with acetic anhydride (10c c) and anhydrous sodium acetate (Ig) 
on a sand-bath for 6-7 hours. The solid obtained was worked up as usual 
and crystallized from dilute hot alcohol in colourless, shiny, roicro-crystaJs, 
mp. 182-83° (Found C, 59 1, H, 5 2, + H,0 requires 

C, 58-8; H, 5-2 per cent.) 

Methyl-l’hydroxy-A-metkyl-l-mphthoate.—lht formyl ester (2g), 
dissolved in hot alcohol, was gradually added to a mixture of zinc amalgam 
prepared from zinc dust (15 g.), according to Robinson and Shah* and 
dilute hydrochloric acid (50 c.c., 1:1) at 100°, more alcohol being added 
whenever necessary to keep the ester in solution. After 1 hour, concentrated 
hydrochlonc acid (10c.c.) was added and heatmg contmued for a further 
half hour. The hot filtrate, on coolmg, deposited long, pinkish, shiny micro- 
crystals, mp 109-10°, (Found: C, 72' 3; H, 5' 3, CjaHuOg requires 
C, 12 2; H, 5-5 per cent) 

hHydroxy-A-methyl’2-naphthoic add.— The foregoing reduced ester (0-5 g.) 
was hydrolysed in alcoholic alkaline solution as usual. The solid obtamed 
on Midification with hydrodilorw add was taken through sodium bkarbonate 
solution (5%), filtered and agam acidified with dilute hydrochlonc acid. The 
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(olid obtained crystallized from very dilute alcohol in pinkish nucnxrystals, 
m.p. 209-10*. (Found: C, 71 0; H. 4 8. CiiH,oO, requires C, 713; 
H, 4-9 per cent.) Decarboxylaiion of l-hydroxy-4-methyl-2-naphthoic acid 
(0 5g.) by heating with acidulated water (lOcc) in a sealed carius tube for 
6-8 hours at 180-90°, gave a black solid This was triturated with sodium 
bicarbonate solution and the insoluble solid crystallized from boiling water 
in long, pinkish needles, mp 86-87* This was identified as 4-niethyl*«- 
naphthol by a muted m p with an authentic specimen. 

\-Hydroxy-4-formyU2-mp)ahoic acid — Methyl-l-hydroxy-4-formyl-2-n8ph- 
thoate (0-5 g.) was dissolved in sodium hydroxide solution (20c.c, 10%) 
and heated on a water bath for 2 hours. The solution was filtered and acidi* 
fled with hydrochloric acid. The pale yellow solid obtained was washed and 
crystalhzed from hot dilute alcohol m pale yellow woolly needles, m.p. 
250-52° Mixed melting point with the previously obtained acid was un- 
depressed (Found. C, 66 6, H. 4 1; CaHjO, requires C, 66 6; H, 3-7 
per cent ) It gave effervescence with sodium bicarbonate solution and bluish- 
purple colouration with alcohohe feme chloride 

Decarboxylation of the foregoing formyl acid (0-5 g.) by heating it with 
water (lOc.c.) and hydrochloric acid (1 c.c.) m a sealed carius tube 
160-80° for 6-8 hours, gave a solid which on treating in the usual way 
afforded a compound which crystallized in very long, pinkish needles from 
hot water, m.p. 95-97’, and the mixed melting point with an authentic speci- 
men of o-naphthol was undepressed 

Formylation of 2-acetyl-a-naphthol 1-Acetyl-A-formyl-a-mphthol—k 
solution of dry 2-acetyl-a-naphthol (10 g), hexamethylene tetramme (30 g) 
in ^cial acetic acid (50 c c.) was first heated on a water-bath for 3-4 hours 
and then refluxed on a sand-bath for 3 hours and further heated for 3 hours 
on a water-bath after the addition of hydrochloric acid (100 c.c., 1 : 1). 

The solid which separated out m very fine long needles, was filtered, 
washed and crystollized from glacial acetic acid in long golden yellow needles, 
m p. 154 - 55 ” The acidic filtrate yielded some more of the compound on 
extraction with ether. Total yield (3-3 g.). (Found: C, 72-6, H, 4'4; 
CuHigO, requires C, 72 9; H. 4-6 per cent ) The formyl compound was 
fairly soluble in alkali and with alcoholic feme chloride, it gave a dark-green 
colouration. It was very soluble in alcohol, acetone and fairly soluble in 
acetic acid from which it was crystallized 

The 4-niinyehenyl-hydnuone prepared m the usual manner, crystallized 
from glacial aceuc acid in orange-red micro-crystals, m.p. 295* (deoomp.). 
(Found: N, 11-8; CuHuOtNt requires N, 12-0 per cent.) 



191 


Aetton of Hixamtikylmt To^mino on PhtnoU^IV 

The 2:A-diidtrophe^yl hydrotone prepared as usiial crystalliied in small 
shiny micro-crystals from acetic acid, m.p. 285* (decomp). (Found: N, 
14-1; Cj,Hi 40,N4 requires N, 14 2 per cent). 

The semicarbazone, prepared as usual, gave pale yellow shining micro- 
crystals from boiling alcohol, mp. 298® (decomp.). (Found* N, 15*3; 
Ci4Hi»0,Ni requires N, 15-5 per cent) 

Summary 

Methyl-l-hy(iroxy-4-formyl-2-naphthoatc and 2-acctyl-4-fonnyl-a-naph- 
thol have been synthesised by the action of hexamethylene tetraminc m 
glacial acetic acid, on methyl-l-hydroxy-2-naphthoate and 2-acetyl-<i-naphthol 
respectively. 

Similar formylation of 4-acotyl-«-Daphthol did not succeed 
Reperbnces 

I DsttI, lUdhs and Shah (Under publication) 

2. teaear. A. 4M, 24 

3 RobiiuoaaiidShab,3 1934, 1497. 



SYNTHESIS AND STUDY OP 5:6: 7:8.HYDROXY- 
FLAVONOLS 


By T. R Sbshadri and V Venkateswarlu 

{From Ihe Dtpariment of Chembtry, Andhra University) 

Ricelved Febniaiy J. 1946 

Flavones and flavonols with hydroxyl groups in all the four positions, 5, 6, 
7 and 8, seem to be more widely occurring in nature than originally expected. 
They are, however, recent discoveries and they do not occur free as such, 
but are found to be partially or completely methylated. Nobiletin (I) is a 
fully methylated flavonc of this type and it was isolated by Tseng* from the 
peels of the Chinese Mandanan oranges (Citrus nobilis). Robinson and 
Tseng* established its constitution as 5 • 6 7 : 8 * 3' • 4'-hexamethoxy flavonc. 
It has recently been synthesised by Horn* by the condensation of 2-hydroxy- 
3’ 4: 5 d-tetramcthoxy-acetophenonc with vcratroyl chlonde and the con- 
version of the product into the flavone according to the method of Baker 
and Venkataraman Calycoptenn (II) is a parUally methylated flavonol, 
isolated earlier by Ratnagmswaran, Sehra and Venkataraman* from the 
coppered coloured leaves of Calycoptens fioribunda. It was also found 
to be present in the leaves of DigHatis thapsi (Spanish digitalis) by Karrer* 
and hence called also by the name thapsin. Its constitution has been recently 
given as 5 . 4'-dihydroxy-3 . 6 : 7 . S-tetramethoxy-flavone (II)* Enanthm 
(in) is also considered to be a flavonol of this senes ; it is partially methylated 
and has been recently obtained from the plant, Bhmua eriintha D.C. by 
Bose and Dutt * 
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Syntkisis and Study of 6:7 : S'lfydroxyf'Uvonols 

So far these are the only compovinds that have been studied m detail. 
Some othw substances isolated in this laboratory seem also to belong to 
this group. Full information is not available about these compounds 
enabling the identification of new members easy and this is particularly 
necessary smce frequently these substances could be isolated only in very 
small quantities A more detailed study of the hexahydroxy-flavone, caly* 
copteretm, has therefore been made now. Further, other members of this 
flavonol group have also been prepared and their reactions and derivatives 
studied in detail 

The dimethyl other of calycoptenn is more easily obtained pure by 
methylating calycoptenn with dimethyl sulphate and potassium carbonate 
in anhydrous acetone solution When subjected to hydrolytic fission with 
8% absolute alcohohe potash, it yields, besides anisic acid, a ketonic product 
as a low melting sohd which could also be characterised by the preparation 
of the 2. 4-dimuophenyl-hydrazono Analytical data of these two sub- 
stances and reacuons show that the ketone is 2*hydrojcy-<u : 3: 4-5. 6- 
pentamethoxy-aceto-phenone (V) Condensation of the ketone with anisic 
anhydride and sodium anisate yields dimethyl calycoptenn These experi- 
ments confirm the results of previous workers*-®-* that calycoptenn is a 
tetramrthyl ether of 3: 5.6:7 8 . 4'-hexahydroxyflavone 



Starting from the above ketone the other members of this flavonol group 
have been obtamed The following is a brief account of the results. The 
ketone condensed with benzoic anhydride and sodium benzoate smoothly 
yielding 3 : 5 : 6 : 7 : 8-pentamethoxyflavone (VI) as the sole product. On 
demethylation the conesponding penta-hydroxy compound, 6 . 8-dihydroxy- 
galang in (VII) was obtained By the condensation of the abovemcntioned 
ketone with the anhydndc and sodium salt of voratric acid, two products were 
isolated, one of which separated out from alkaline solution and consisted 
essmtialiy of the normal hepta-methoxy flavone (VIll) and the other sepa- 
rated ftom the solution after saturation with carbon-dioxide and consisted 
mainly of the partially demethylatod product (IX) showing the properties 
of a free hydroxyl in the 5-position. ExaminaUon of these revealed that 
thfy wwe still mixtures with indefinite melbng points and purification 
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could not bo achieved satafactonly. However by methylating them a pure 
sample of the hopta-methoxy flavone (VIIl) and by demethylatiDg them 
the corresponding hepta-hydroxy flavone, 6 : S-dthydroxyquercetin (X) 
were readily obtained. A pure sample of 5-hydroxy-3 : 6 : 7 : 8 : 3' : 4''he3i8» 
mothoxyflavone (IX) could, however, be obtained by ether*extracting the 
aqueous mother-liquor after the filtration of the impure sample of (IX) 
that first separated out. It gave a prominent feme chloride colour and a 
sparingly soluble potassium salt when treated with alcoholic potash. 



OH CO 
(X) 


According to Bose and Dutt’ methyl enanthm should bo identical with 
the sbovemcntioned 5-hydroxy-hcxametboxy flavone (IX) But the recorded 
properties are not the same. Methyl enanthm is reported to crystallise in the 
form of needles and melt at 141". The above hydroxy flavone (IX) crystal- 
lises in the form of plates and melts at 122". The lower melting point of 
compound (IX) may be considered to be genume from a comparison of 
analogous ^hydroxy-compounds and the related fully methylated flavonols 
given m Table I. For example, monomethyl calycoptwin melts at 124* 
whereas the dimethyl ether melts at 134". The 5-hydroxy-compound (XI) 
described later on also melts 10" lower then the fully methylated ether. 

When the anhydride and the sodium salt of trimethyl-gallic add were 
Hsed for the above AHan-Robinson condensation the product consisted 
entirely of the 5-hydroxy compound (XO- The octamethoxy flavone (KU) 



SyHth$sts and Study of S. 6-1 S-ffydroxy-Ftavonots 19S 

was obtained from it by mcthylatxon and the octahydroxy compound (XOd), 
6 : 8-dihydroxymyricetin by demethylation. This is the most highly 
hydroxylated compound of the flavone group known so far and is thus of 
special interest 



(XIIl) 


For the purpose of convenientiy nammg them, the new flavanols are 
considered to be derived from the series, galangin, ksemferol, quercetin and 
myricetin which have the 5 T-arrangcment of hydroxyl groups and which 
seem to be more fundamental in evolution givuig rise to the others by oxida- 
tion of the nuclear positions concerned 

The above hydroxyflavonols are m general yellow crysuUinc substances, 
the colour changing to green on storage While 6’ 8-dihydroxygalangin is 
the most stable, retaining its yellow colour for several months, the otho^ 
change from ydlow to greenish yellow and green, the rapidity of the change 
reaching the maximum with the octa-hydroxy compound, 6 : 8-dihydroxy- 
myncetin. With water, even in the cold, they give a green colour and on 
boilmg, the colour intensifies to deeper green or blue Even an alcohohe 
solution changes colour from yellow to green and blue on standing or heat- 
ing. CrystallisaUon of the flavonols should not be done with solvents like 
alcohol and acetic acid and it is best effected by using pure dry ethyl acetate. 
The pure substance do not exhibit any fluorescence in alcoholic solution 
or even in concentrated sulphuric acid. Like most hydroxy-flavonols they 
an give bright red colour when treated with magnesium and hydrochloric 
add in alcobohe solution. 

The new senes of flavonols can bo viewed m two ways, (1) as 5: 7; 8- 
hydroxyflavonols with an additional hydroxyl group in the 6-position and 
as S:6. 7-hydroxy flavonols with an addiUonal hydroxyl group in the 
8-position. In conformity with the first point of view, they exhibit colour 
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changes in alkaline solutions more remarkable than the members of the gossy- 
petin series These have been studied in detail using buffer solutions and 
the results may be useful for purposes of identifying samples. But they do 
not react with p-benzoquinone in the manner characteristic of gossypetin 
and its analogues Bargclhni’s test yieldmg green flocks, which is charac- 
teristic of the quercetagetin senes of flavonols is not given by the new flavo- 
nols. Thus the presence of one more hydroxyl group in them causes marked 
differences m properties 

The fully methylated ethers are colourless substances, insoluble m aque- 
ous alkali and giving no colour with alcoholic feme chlonde The ethers 
which have a free hydroxyl in the 5-position dissolve m aqueous alkali only 
with difflculty, form sparingly soluble potassium salts with alcoholic potash 
and give prominent ferric chloride colour 

The acetates are also colourless solids Theu' crystallisation from 
boiling alcohol seems to bring about partial hydrolysis and the products 
assume colour on storage It should therefore be carried out usmg anhydrous 
solvents or m the cold usmg acetone-alcohol mixture 

Table I gives some of the important data relatmg to this new senes of 
flavonols and their derivatives 

Table I 


Fl.vonol. 

S 1 8-Dlhydroxy 
gdongla 

Calycoptoreon j 

6 i 8-Dlhydroay 
quercetin 

6 8“Dihydfo»y- 
myncedn 

1 Ale FoCl, 

X Mg + HCl 

Ollv« graon chan 
giag to broirn 

Bright green chu j 
giog to brown | 

Red 

sis-aci' 

Deep green chan 
ging to brown 

Turne dark above 

Deep green 
changing to 

Deep red 

Tama dark 

flavbnoli 1 

4. M p. of tbe 

6. M p. of th« folly 
mathylaMd eUiua 

8 M p of pullal 
instkyl ethera 
with tba 6-hydro 
xyl olona fro* 

(ullhdscom) 

aiI-03" 

80-8S' 

(with decomp ) j 

218-20* 

183-34* 

131* 

(Shah H aV«) 

134" 

(Shah H o/») 

300. doea not 
melt below 380* 

221* with ainteriDg 
at 210* 

129-31* 

122-23* 

doei not melt 
below 380* 

338* with elnter 
leg 321* 

123-33* 

113-16* 


Experimental 


Methylation of calycopterin ; Dimethykalycopterin {IV).— 

Calycopterin (1 *0 g.) was dissolved m diT acetone (25 c.c.), treated with 
dimethyl sulphate (1-Occ.) and anhydrous potassium carbonate (lO-Og) 
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and boiled under reflux for a period of 20 hours. The solvent was then 
removed by distiUaUon and the residue treated with water (150 cc.) The 
methyl ether soon separated out On crystallisation from alcohol, it came 
out in sheaves of colourless elongated needles melting at 133-34“ {Cf Shah 
et a!.,* pale yeUow needles, m p. 131“) and did not dissolve in aqueous alkali, 
(Found: C, 62 9: H, 5-7, OCHj, 46 0; C„H„0, requires C, 62-7, H, 
5-5, OCH„ 46 2%) Yield, l-Og 

Decomposition of the methyl ether with alcoholic potash Isolation of anisic 
acid and ketone (V) — 

Dimethyl calycoptcrm (1-Og) was boiled under reflux with 8% absolute 
alcoholic potash (30 c c ) for a period of six hours At the end of this period, 
as much of the alcohol as possible was removed by distillation and the residue 
dissolved in water The solution was filtered from any suspended impurities, 
and then acidified with dilute sulphuric acid The precipitated crystalline 
solid was filtered, washed with cold water and then crystallised from boding 
water when it came out as colourless rectangular plates and prisms melting 
at 185* It was found to be anisic acid The mixed melting point with an 
authentic sample of anisic acid was undepressed, The filtrate was repeatedly 
ether-extracted and the combined ether solution washed with sodium 
bicarbonate solution (5%) to remove completely the acid part. The ether 
solution was then washed with water and the solvent evaporated The 
residue was a pale yellow liquid which sohdified on keeping in an ice^ihest 
for a number of days. It crystallised from petroleum ether (b p about 60') 
as pale yellow rectangular plates and prisms meltmg at 65-67“ (Karrer* gives 
mp. 66-67“). It gave a green colour with alcobobc ferric chloride. Yield, 
0*38 g. (Found: C, 34-8; H. 6 1 ; OCH,. 53 9; Ci,H,A requires C, 54 6; 
H, 6 - 3 ; OCHi, 54 2% ) The ketone was also characterised as its 2 : A-dinltro- 
phenylhydraione m the following manner. 

The ketone (0-2 g) dissolved in alcohol (2cc.) was treated with 2:4- 
dinitrophenylhydrazme (0-2g) in alcohol (2 0c.c.). The clear solution was 
th«i boiled under reflux on a water-bath for J hour. On cooling the alcoholic 
solution, the phenylhydrazone separated out. In was filtered and crystallised 
from dilute alcohol when it came out as short orange red rectangular prisms 
melting at 174-75“ (Found • C, 45 2; H. 5 0; OCH„ 31 1 ; Q.KmOwN,, 
2H,0 requires C, 45 4; H, 5 2, OCHj, 30 9% ) Loss on drymg could not 
be estimated as the substance sublimed easily above 100“ in vacuo. 
Synthesis of dimethyl calycopterin {IV).— 

An intimate mixture of sodium anisate (2g>, anisic anhydride (4-0 g) 
and the ketone (V) (0-75 g.) was heated in an oil-bath at 180“ in vacuo for a 
A3 
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period of five hours. The hard mass was then broken up and dissolved in 
alcohol (50C.C.). To the solution boiling under reflux was added aqueous 
potassium hydroxide solution (5 g. in 10 c.c. of water) during the course of 
half an hour and the boiling continued for another half-hour m order to 
decompose completely the unreacted anhydride. The alcohol was then 
removed by distillation under reduced pressure and the residue treated with 
excess of water The methyl ether separated out as long needle-shaped 
colourless crystals It was filtered and the product was crystallised from 
dilute alcohol when it came out as sheaves of colourless elongated needles 
melting at 133-34”. The mixed melting point with the sample obtained 
directly from calycopterin by metbylation was undepressed Yield, 0-5 g. 

The clear alkaline solution from which the hexametbyl ether had sepa- 
rated out was then saturated with carbon dioxide No product was obtained 
even by ether extraction. 

DemethylaUon of Ccdycopterin : Caiycopteretin (6 : i-dikydnay-kampferol). 

Calycopterin (0'5g) was dissolved in acetic anhydride (10 Occ.) and 
treated with hydnodic acid (10 Occ,; d 17) with cooling. The clear 
solution was then boiled under reflux for half an hour, poured into ice-water 
and iodme present decomposed by passing sulphur-dioxide gas The precipi- 
tated flavonol was twice recrystaUised from ethyl acetate when it came out as 
bright yellow short rectangular plates, melting with decomposition at 318-20*. 
When crystallised from acetic acid it came m the form of golden yellow 
noodles which soon turned green on exposure to air, (Found. C, 56’8; 
H, 3-4; CuH„0, requires C, 56-6, H. 3-2%) It gave a bright green 
colour with alcoholic ferric chlonde which rapidly changed to brown. The 
flavonol exhibited a series of colours in alkaline solution, the precise varia- 
tions depending on the conditions of the reaction. Thus with 5% sodium 
bicarbonate it slowly dissolved to give a yellowish green and then green 
colour changuig to grecnish-blue and blue; it faded after 10 minutes to light 
green with a green precipitate With 5% sodium carbonate the colours 
were yellow and deep green, quickly becoming blue on shaking; it then 
faded and became yellowish green withm two minutes, brownish yellow and 
finally brown. With 5% caustic alkali the solution was reddish brown 
changmg to red. 

Cdycopterin-hexaacetatt. — 

A small quantity of the flavonol was acetylated using acetic anhydride 
and a drop of pyridine and boiling for one hour. The product was then 
crystallised from cold acetone solution enough ^yl alcohol being added 
just to start the crystallisation. It came out as colourless needles melting at 
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2lS-20“. (Found: C, 56 9; H. 41; C,»H„0„ requires C, 56 8; H, 


Condensation of the ketone (V) with benzoic anhydride and sodium benzoate; 
preparation of pentamethoxy flavone (VI).— 

An intimate mixture of benzoic anhydride (10 g), sodium berzoate 
(2 g ) and the ketone (0 75 g ) was heated at 175-80“ for a period of 5 hours. 
The product melted completely within the first one hour and later solidified 
The reaction mixture was broken up in alcohol (50cc) and while boiling 
under reflux, a solution of potassium hydroxide (15 g in 25cc) was added 
during the course of 20 minutes. The solution was boiled for a further 20 
mmutes to decompose the anhydride The alcohol was then removed under 
reduced pressure and the residue treated with water A viscous liquid sepa- 
rated out which did not solidify easily Hence, the mixture was ether 
extracted, and the ether extract washed with water to remove alkali. After 
distilling oS the solvent, the product was purified by dissolving in acetone 
and adding petroleum ether when coloured impurities separated out The 
clear solution was then decanted; evaporation of the solvent left a viscous 
liquid which solidified durmg the course of 24 hours on keeping in an ice- 
chest. The product was further purified by crystallisation from dilute methyl 
alcohol when it came out as colourless rectangular pntms melting at 80-82®. 
It was insoluble in dilute alkab and did not give any colour with ferric 
chloride. (Found: C, 64 6; H, 5 3, -OCH„ 41 6; requiies 

C, 64-5; H, 5 4, -OCH*, 41 7% ) Nothirg was obtaired on saturatirg the 
aqueous alkalme solution with caibon dioxide and extracting with ether. 

6 : S-Dlhydroxy-galangin ( VII) — 

The methyl ether (0 5 g ) obtamed above was demcthylated according 
to the procedure described for calycopterin. The crude product came out 
as shining yellow needles It was unaffected by water at ordinary tempera- 
ture but on heatmg the solution turned green. Two crystallisations from 
ethyl acetate yielded yellow rectangular plates mdting at 257-58® It did 
not change colour on exposure to air. With alcoholic ferric chloride, it 
gave an ohve green colour changing to brown. On treatment with con- 
cfntrflted sulphuric acid, the crystals turned orange red, later on dissolving 
to give a yellow solution. It did not exhibit any fluorescence in dayUght. 
(Found: C, 59 3; H, 3-6; CrtHwOt requires C, 59 6, H, 3 3%.) Yield 
0'3g. The flavanol exhibited the followmg colour changes in alkahne 
solution. With 5% sodium bicarbonate, the substance dissolved slowly to 
form a itep blue solution with a violet tinge which started fading after 12 
minutes ^ving a green precipiUte; with 5% sodium carbonate, it gave 
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immediatdy a blue colour and faded very fast to yellow and then to 
pale yellow With caustic alkab, it immediately formed a reddish brown 
solution , on shaking with air it rapidly became yellow, yellowish green and 
finally yellow. 

The flavonol (VII) was acctylated using acetic anhydride and one drop 
of pyndine The acetate was purified by crystallisation from acetone*ethyl 
alcohol mixture as described previously when it came out in the form of 
colourless needles and rectangular plates meltmg at 201-03”. (Found. 
C, 58 7, H, 4-0; QsHmO.j requires C, 58-6; H, 3 9%) 

Condensation of the ketone (y) with veratiic anhydride and sodium veratrate — 

An intimate mixture of veratnc anhydride (4g) and sodium veratrate 
(2 g.) and the ketone (0-75 g ) was heated in vacuo at 175-80“ for a period of 
5 hours The product melted and formed a reddish-brown liquid which 
soon solidified. After the reaction was complete, it was broken up in alcohol 
(50c.c.) and while boiling under reflux a solution of potassium hydroxide 
(5 g.) m 10 c.c. was added during the course of 20 minutes The alcohol 
was then removed under reduced pressure and the residue dissolved in water. 
The product (A) that separated out was filtered and the dear filtrate was 
saturated with carbon dioxide when a yellow solid (B) separated out. (A) 
melted between 108 and 118“ and (B) between 115 and 123°. Purification by 
fractional crystallisation from alcohol could not be effected successfully as 
the fractions contmued to melt mdefimtely and hence product (A) was directly 
used for complete mcthylauon and product (B) for demetbylation 
5-Hydroxy-hexamethoxyflavone (IX) — 

The mother-liquor was extracted twice with ether and on evaporatmg 
the solvent, a viscous residue was obtamed which sohdified on cooling. It 
was crystallised from dilute alcohol when it appeared as yellow rectangular 
plates melting 122-23“ (c/ methyl enanthin.’ yellow needles, m.p, 14l“). It 
appeared to be exclusively the 5-hydroxy compound from the sharpness of 
iu melting pomt It gave a green colour with ferric chloride and formed a 
sparingly soluble potassium salt in alcoholic potash. Though it did not 
dissolve easily m cold aqueous potash, it did so on warmmg and formed a 
yellow solution (Found' C, 60 5; H, 5' 5, OCHj, 44' 7, 
requires C. 60-3, H, 5-3; OCH,, 44-5%) Yield, 90 mg. 

3 . 5 . 6; 7 . 8 . 3' A'-Heptamethoxy-flavone {VIJl).— 

Product (A) obtained from the above condensation was directly methy* 
iated using dimethyl sulphate and potassium carbonate in acetone solution. 
The h^tamethoxy flavone was twice crystallised from alcohol when it came 
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out in the form of colourless rectangular plates, melting at 129-31°. (Found : 
C.61-2, H,5 9; OCH», 50'4; C„H,40. requires C, 61 1; H, 5 6, OCH„ 
50-2%.) 

6 : i-DUtydroxy-quercetin (JO* — 

Product (B) (0 5g.) was demethylated using hydriodic acid (lOcc) 
in acetic anhydride solution by boiluig for half an hour at 140-50° The 
cooled solution was then poured into water, and iodine removed with sulphur 
dioxide. The flavonol was obtained as a yellow crystalline (rectangular 
plates) powder. It was filtered, washed with water and dried. The crystalli- 
sation was effected using a large excess of dry ethyl acetate when the com- 
pound came out as yellow rectangular plates and flat needles On heating 
it darkened in colour above 340° and exhibited no other change till 360°. 
The crystals turned orange-red on treatment with concentrated suphuric acid 
and then formed a yellow solution which did not exhibit any fluorescence 
in daylight. The alcoholic solution gave with feme chloride an intense 
green colour which changed to brown (Found: C, 53*7, H, 3'1; 
C,tH,oO« requires C, 53-9, H, 3-0%.) With 5% sodium bicarbonate it 
first gave a yellow solution which rapidly changed to greenish blue and deep 
blue within i minute and then faded to light green with a green precipitate ; 
with 5% sodium carbonate the colours were yellow, emerald green, deep 
Wue, fading and turning green, brownish ydlow and finally brown; with 
5% caustic alkali it immediately gave reddish brown changing to dark rod 
The flavonol was acetylated by boding with acetic anhydride and a drop 
of pyndinc The acetate was crystallised from acetone-ethyl alcohol mixture 
as previously described when it came out m the form of colourless rectangu- 
lar plates and prisms melUng at 221-22° with sintering at 219° (Found : 
C, 55-6, H, 4 0; ChHmOm requires C, 55 4; H, 3 8%.) 

5-Hydroxy-3 : 6 . 7 8 . 3' • 4' . 5'-hepumethoxy-flavone (XT) — 

An mtimate mixture of trunethyl gallic anhydride (5 0 g.), potassium 
trimethyl gallate (3 Og.) and the ketone (V) (0*75g) was heated in vacuo 
at 175-^° for a penod of S hours and the product worked up as before. 
Thoe was no precipitate from the aqueous alkali solution that was first 
obtained, mdicatmg absence of the fully methylated compound. However 
after saturation with carbon dioxide a yellow product separated out and it 
was extracted with ether. On removmg the solvent, it came out as a viscous 
liquid which solidified on keeping m an ice-chest for 3 days. It crystallised 
from alcohol as bright yellow rectangular plates melting at 113-15° It 
gave a brownish green colour with alcoholic ferric diloride sod formed a 
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sparingly soluble potassium salt with alcoholic potash indwating the pre- 
sence of a free hydroxyl in the 5-position. (Found: C, 59-2; H, 5-6; 
OCH,, 48 6; C«|H„Om requires C. 58 9; H, 5 4, OCH,. 48-4%.) 

3 . 5 . 6 : 7 ■ 8 : 3' : 4' • S'-Octamelhoxy-flavone (XII) — 

The above methyl ether (XI) (0 2g) was further methylated in acetone 
solution using dimethyl sulphate and anhydrous potassium carbonate by 
boihng for 12 hours The product was obtained as a hquid which solidified 
on keeping m the ice-chest for a numb«- of days It was crystoUised from 
dilute alcohol when it came out as colourless rectangular plates melting at 
122-23°. It did not give any colour with ferric chloride and did not dissolve 
in dilute alkali or impart any colour to the solution (Found; C, 60-1; 
H. 5 7, OCH„ 53 4; C„HhO,» requires C, 60 0; H, 5 6; OCH„ 53-7% ) 

6'.%-Dihydroxy-myricetin (AT//) — 

The above 5-hydroxy-hcptamethoxy-flavone (XD (0-5 g) was demethyl- 
ated using hydriodic acid as already described On pourmg the cooled 
reacuon mixture into icc-water and reducing loduie with sulphur dioxide, 
the flavonol separated out as a dark green solid. Direct crystallisation 
from dry ethyl acetate did not remove amorphous impunties completely. 
It was therefore dissolved m dry acetone and petroleum ether (b.p. 60°) 
added until some sticky impurity separated out and settled down ; the clear 
solution was then decanted. On slow evaporation of the solvents, the 
flavonol separated out m a crystalline condition. Final purification was 
effected by crystallisation from d^ ethyl acetate when it appeared as greenish 
yellow rectangular plates The substance darkened in colour at 340° and 
did not melt below 360° It gave a deep green colour changing to brovra 
with alcoholic feme chloride It assumed a green colour rapidly on exposure 
to moisture (Found: C. 51 2; H, 3 1, CijH„Oio requires C, 51 4; 
H, 2-9% ) With 5% sodium bicarbonate, it gave immediately a blue soluUon 
turning deeper blue within 10 seconds; this rapidly faded to yellow with a 
green precipitate. With 5% sodium carbonate the colours were yellow, 
emerald green, blue, fading immediately to yellowish brown, red, yellowish 
brown and brown. With 5% caustic alkali it gave immediately a reddish 
brown solution changing to red 

The flavonol (XIII) (50 mg.) was acetylated using acttic anhydride and 
a drop of pyndine. The acetate was crystallised from aoetone-etbyl alcohol 
mixture as already described when it came out as clusters of colourless rect- 
angular plates mettmg at 225° with slight smtering at 221*. (Found: C. 
54«2; H, 4 0; CtiHMOit requires C. 54-2; H, 3-8%.) 
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SyntiUsis and Study of 5 6:7: S-HydroxyFlavonoU 
Sodium amalgam in absolute alcohoL — 

1 6 i‘DUtydfoxy‘galaHgln.—Tho solution turns green and then the 
colour gradually fades to greenish ydlow with no flocks 

2. Calycopteretin.~-Tbe solution becomes green and changes to greenish 
yellow and then yellowish brown with no flocks. 

3. 6 iZ-Dthydroxy-quercetin— The solution turns green and mune- 
diatdy changes to brown and slowly precipitates brown flocks, while the 
solution becomes colourless 

4. 6 : S-DIhydroxy-myHcetIn.— Brown solution, rapidly precipitates 
brown>pinkflocks, the solution becoming colourless. 

Qossypttone reaction — 

1. 6:i-Dihydraxy‘gaUmgtn.-r-'Tbt solution anmediatdy becomes blue 
and rapidly changes to red ; this fades on shaking to give a yellow solution 
changing Anally to brown. After 24 hours it is coloured brown. 

2 Calycopteretin —The blue solution formed immediately changes to 
deep red and then to green, greenish yellow, brown and yellow. After 24 
hours, it is ydlow. 

3. 6 ; %-JMydroxy-quercetin.—Tbt blue solution immediately changes to 
brown red and fades to pale yellow. Pale yellow after 24 hours 

4. 6: %-Dihydroxy-myricetln,— The alcohohc solution which was origi- 
nally green changes to blue and turns into a stable intense red It fades to 
brown during 24 hours. 

Colour reactions with alkaline buffer solutions — 

1 6.9-Dlhydroxy-galangin.— 

pH 8-0 Substance sparingly soluble, pale yellow solution changing 
to dirty green, blue, and deep violet blue fadmg within three 
minutes and becoming pale blue within six minutes. The 
pale blue slowly changes and becomes pale yellow within 
24 hours 

pH 8-6 Substance difficultly soluble, pale yellow solution changing to 
blue and dien to violet blue and fading within two minutes 
The pale blue slowly fades and finally after 24 hours it 
becomes pale yellow. 

pH 9' 2 Substance more easily soluble than befbre; ydlow solution 
dianges to blue and fades fusUs withm the tot minute and 
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becomes yellow by four minutes. After 24 hours it becomes 
pale yellow. 

pH 9-8 Substance dissolves quicker to a yellow solution and becomes 
blue, starts fading within 20 seconds and becomes pale blue 
in two minutes and yellow in four minutes After 24 hours 
it becomes pale yellow 

pH 10 4 Pale yellow solution, changes very fast to blue and becomes pale 
yellow whithin 15 seconds After 24 hours there is no change 
pH 11-0 Yellow solution quickly becoming yellowish green, pale blue 
and finally yellow. After 24 hours it is pale yellow. 
pH 11 6 Yellow solution changing fast to yellowish green and greenish 
blue, becomes yellow within 30 seconds and then golden 
yellow. Slowly it fades to pale yellow within 24 hours 
pH 12 2 Same as above. 
pH 12-8 Same as above. 
pH 13 4 Same as above. 

In general, the flavonol does not dissolve in the buffer solutions of lower 
pH readily. On boiling with distilled water, the substance forms a green 
solution which rapidly turns blue. With tap water the solution turns deeper 
blue than with distilled water and slowly fades and after 24 hours becomes 
pale yellow 

Calycopteretin.— 

pH 8 0 Yellow solution, quickly changes to dirty green and to deep 
blue within half minute, more intense blue withm one 
minute and starts fading within 3 mmutes to bluish green. 
This slowly fades withm 10 minutes to yellowish green and 
becomes pale yellow withm 18 mmutes. After 24 hours 
the solution becomes pale yellow. 

pH 8-6 Yellow solution slowly changing to yellowish green, and blue 
in 20 seconds ; starts fading after one minute and becomes 
greenish yellow withm 8 mmutes. Afte 24 hours it is pale 
yellow. 

pH 9-2 The initial yellow solution quickly changes to grem, blue and 
intense blue within half minute and fades rapidly to yellow 
m two mmutes. Within six mmutes the ydlow intensifies 
and becomes golden yetlow. After 24 hours it is pale yellow. 
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pH 9-8 Colour dumges are very rapid; yellow solution turns quickly 
deep green and within half minute greenish yellow, becomes 
golden yellow withm one minute and orange yellow within 
two minutes. The solution assumes a yellow colour after 
24 hours 

pH 10 4 Yellow solution rapidly changes to green, and emerald green 
and becomes yellowish green within half minute and orange 
yellow within 45 seconds. The colour fades and becomes 
golden yellow after 24 hours 

pH 1 1 0 Same as above. 

pH 1 1 6 Yellow solution ; colour changes same as above and faster. 

pH 12-2 Same as above Changes faster than before giving orange 
yellow withm 20 seconds and deeper yellow after 24 hours 

pH 12 8 Same as above. 

pH 13 ‘4 Yellow solution becomes greemsh yellow and then fades to 
orange yellow After 24 hours it becomes a deep yellow 
solution. 

With distilled water, the substance becomes green changing to greenish 
blue The solution is also of the same colour and changes 
to pure blue on boiling. 

6 : i-Dihydroxy-quercem.— 

pH 8 0 Yellow solution becommg deep yellow, turns rapidly yellow- 
ish green, green, and emerald green and withm 30 seconds 
turns blue and intensifies to deeper blue in 6 mmutes. The 
blue fades slowly and turns to deep yellow in 24 hours. 

pH 8 6 Yellow solution gomg into deep green withm 20 seconds; 

becomes blue within i minute and intensifies to deep blue 
within one mmute and fades after 3 mmutes. Becomes 
pale ydlow m 24 hours 

pH 9-2 YeUow solution, quickly changes to green and Wue within 
20 seconds, starts fadmg withm 2 minutes and becomes 
ydlowish green after 6 minutes and yellow after 10 minutes, 
and pale orange after 1 an hour. Pale yellow solution after 
24 hours. 

pH 9 8 Ydlow solution, changes very fast to greenish ydlow and 
then blue, fades within 30 seconds and becomes greenish 
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ydlow within one minute and yellow in 3 minutes. In 10 
minutes becomes orange yellow which fades slowly and 
becomes yellow m 24 hours. 
pH 10-4 Very fast changes; ydlow solution immediately turns green 
and emerald green and becomes greenish yellow and yellow 
within 20 seconds It assumes a golden yellow colour 
within one minute and orange withm 2 mmutes; subse* 
quently fades to paler orange withm half an hour; yellow 
in 24 hours 

pH 1 1 0 Same as above; withm one mmute deeper orange than above 
and fades within half an hour to pale orange; solution 
deep yellow after 24 hours. 

pH 11 6 Same as above; assumes orange with i minute and orange 
red withm one minute, fades after 30 minutes and becomes 
deep yellow in 24 hours 

pH 12-2 Same as above; deep orange red withm 45 seconds and starts 
fadmg to become deeper yellow m 24 hours 
pH 12 -8 Same as above; within 30 seconds deeper orange red; fades 
after one hour to give deep yellow in 24 hours 
pH 13 4 Same as above Solution deeper yellow after 24 hours. 

Substance treated with distilled water gives a blue colour in the cold ; 
the colour of the solution changes to green after boilmg, fades after J hour 
and becomes pale yellow after 24 hours. 

6:S-Dihydroxy-myricelin — 

pH 8 0 Yellow solution changes to yellowish green, green and emerald 
green and becomes deep blue within one minute; after 10 
minutes becomes emerald green and fades after one hour. 
Deep yellowish brown after 24 hours, 
pH 8-6 Yellow solution changes to gremish yellow and then rapidly 
to green and blue within i minute. Fades after 3 minutes 
to green and becomes pale yellowish green after 6 minutes; 
m one hour becomes pale yellow; ydlow m 24 hours. 
pH 9-2 Yellow solution, changmg fast to green and then blue within 
20 seconds; starts fading after li minutes; yellowish green 
within 4 minutes and pale ydlow in 24 hours. 
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pH 9-8 Ydlow solution rapidly changing to green and cm«»ld gr^ ; 

fades to green within 20 seconds and yellowish green in 2 
mmutes; brownish yellow in 24 hours. 

pH 10-4 Yellow solution changing to green and emerald green and 
fading to yellowish brown within 40 seconds; colour turns 
brown within one minute, changes to brown red and reddish 
purple and fades to reddish brown after 2 minutes, becomes 
brown within 5 nunutes and orange brown within 10 mmutes. 
After 24 hours it is orange red 

pH 1 1 0 Yellow solution changing fast to yellowish green and to reddish 
purple within one mmute and then brilliant purple; slowly 
fades to reddish brown in 12 minutes and orange red m 24 
houn. 

pH 11 - 6 Very rapid changes, initial yellow solution changes to ydlow- 
ish green, yellowish brown and brown purple within M 
seconds and then to bluish purple; fades after one minute 
rapidly to reddish brown and becomes yellowish brown 
after 4 minutes ; after 24 hours orange red. 

pH 12 2 Faster changes, same at above 

pH 12 -8 Yellow solution changing fast to green, emerald green and 
yellowish brown within 20 seconds, becomes brown and 
brown purple and bluish purple and fades to reddish brown 
m one minute and pale brown in 6 mmutes ; after 24 hours 
orange red. 

pH 13-4 Same as above. 

On treatment with distilled water the substance turns blue in the cold 
The solution becomes deeper blue on warming and fades to pale green after 
IJ hours. It IS greenish yellow after 24 hours 

Our are due to Mr. A. N Ratnaginswaran for the gift of several 

grams of calycoptenn. 

Summary 

The constitution of calycopteretin has been confirmed by the decompo- 
sition of the fully methylated ether with alcoholic alkali and also by its 
synthesis from the decomposition products. Alkaline hydrolysis of the ftilly 
methylated ether yields anisic acid and 2-bydroxy-«-3 : 4 : 5 ; ^pentamethoxy- 
acett^enone. Condensation of this ketone with sodium anisate and anisic 
anhydride, regenerates calycopterin dimethyl ether. Wh«i the anhydride 
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and sodium sah of benzoic acid are used instead, 3: 5: 6: 7; R-peota- 
methoxy flavone is readfly formed On demethjdation, it yields d:8-di- 
hydroxy-galangin When, however, the sodium salt and anhydride of 
veratric acid are used, partial demethylation takes place in the S-position, 
giving rise to both hexamethyl and heptamethyl ethers By completa 
demethylation, 6; 8-dihydroxy-quercetin is obtained Using gallic acid 
derivatives for the condensation, demethylation is found to be complete in 
the S-position yielding 5-hydroxy-hcptamcthoxy-flavone. Mcthylation of this 
produces the octamethyl ether and demethylation the octahydroxy com- 
pound, 6: 8-dihydroxy-myncetin This is the most highly hydroxylated of 
flavones known so far 

A comparative study of the properties of the four flavonob of this group, 
their methyl ethers and acetates has been made. Colour reactions useful 
for rapid identification are abo described. They arc remarkable in several 
respects. 

The properties of mono-methyl erianthin do not agree with those of S- 
hydroxyhexamethoxy-fiavone prqiared m the course of this work. 
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CONSTITUTION OP CALYCOPTB5R1N 
By T R. Sbshadri and V Vbnkateswarlu 

(f^om the Department o] Chemistry, Andhra Unlvershv) 

Received F^rutfy J, IMS 

CalycopteRIN h a tetramcthyl ether of calycopteretm which is 3 5 6 7 
8 : 4'-hexahydroxy-flavone It* exact constitution was hrst investigated by 
Gulati and Venkataraman* and their conclusions were later modified by 
Shah, Venkataraman and Virkar.* Of the two free hydroxyl groups, one wa» 
easily located in the 4'-position by identifying /i-hydroxybcnzoic acid (II) 
as a product of alkaline fission The position of the other hydroxyl has been 
finally fixed as 5, since this group is resistant to methylation and the mono- 
methyl ether of calycoptenn (III) gives reactions characteristic of a S-hydroxyl 
Further this monomethyl ether has been obtained by the partial demethylation 
of the dimethyl ether (IV) by means of hydrobromic acid Consequently 
calycoptenn is considered to be 5.4'-dlhydroxy•3.6:7.8-tetramethoxy- 
flavone (D 



The above constitution has now been confirmed m a different way 
Calycopterin is ^ylated by means of ethyl iodide and potassium carbonate 
in acetone solution and the diethyl ether (V) obtained ui good yield. When 
sutyected to fission with alcoholic potash, it yields an acid product which is 
identified as p-ethoxybenzoic acid (VI) locating an ethoxyl m the 4'-posi- 
tion of the flavone. The other part is a ketone having the composition and 
the characteristic properties of 2-hydroxy-monoethoxy-tctram^oxy-aceto- 
phenone (VII) In order to determine its constitution it is farther methy- 
lated by means of dimethyl sulphate and anhydrous potassium carbonate 
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in acetone solution. This product is found to be identical with the ethyla* 
tion iM-oduct (IX) of 2-hydro30'-«:3;4:5:6-pentamethoxyacetophenone 
(VIII). The identity has been established not only by direct comparison 
but also by the preparation of derivatives. This is possible only if in caly- 
copterin, a free hydroxyl exists m the 5-position which is substituted by an 
ethoxyl in the ethyl ether The various transformations described above 
arc diagrammatically represented below: 



Ethylation of ca/ycopWriff— Diethyl-calycoptcnn (V) — 

Calycopterin (1 g) dissolved m acetone (20c.c.) was boiled under reflux 
with excess of ethyl iodide (3-0 cc.) and anhydrous potassium carbonate 
(10 g.) for a period of 15 hours The solution which was originally orange 
red became practically colourless towards the end. The solvent was then 
removed by distillation, and the residue treated with icc-water. The ethyl 
ether which separated out as a bquid solidified during the course of half an 
hour. When it was crystallised from alcohol it came out as colourless 
rhombohedral prisms melting at 131-32* (Karrer*. mp 130*) It was 
uisoluble in dilute alkali and did not give any colour with alcoholic ferric 
chloride. The mixed melting poirt with dimethyl-calycopterin was depressed, ' 
105-115*. (FoundiC, 64 1 , H, 6 1 ; C»H,.0» requires C, 64 0; H, 6 0%.) 
It was easily soluble in acetone, ethyl acetate and hot alcohol and vwy 
sparingly soluble in cold alcohol 

Decomposition of diethyl calycopterin with alcoholic potash.— 

Diethyl-calycopetrin (l Og.) was boiled under reflux with absolute 
alcohoHo potash (30c.c., 8%) for a period of six hours. At the end of the 
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opentioD, as much of the alcohol as possible was removed by distillation 
and the residue dissolved in water The solution was then filtered from any 
luipcnded Insoluble impurities and the clear filtrate was acidified with dilute 
sulphuric acid. It was then ether-extracted several times and the combined 
ether extract was shaken three times with 5% sodium bicarbonate solution 
to remove the acid part (A). 

The ketonic part.— The ether solution was then washed with wafer and 
on distilling off ether it gave a pale yellow liquid which solidified during the 
course of a few hours. It was purified by crystallisation from light petroleum 
(B.P. 60®) when it came out in the form of pale yellow thin rectangular plates 
melting at 75-77* f,Karrer» gives mp. 63-64®). It dissolved in alkali to give 
a ydlow solution and gave an ohve-green colour with alcoholic feme 
chloride. It is highly soluble in water even m the cold (Found; C, 
55 9; H, 6 6; C,4H„0, requires C, 56 0, H, 6-7% ) 

The acid par/.— The bicarbonate solution (A) on acidification with 
concentrated hydrochloric aad precipitated a crystalline material which 
was ether extracted. The residue obtained after removal of ether was purified 
by crystallisation from hot water or 10% alcohol when it came out in the 
form of colourless shining needles melting at 197-98' The mixed melting 
point with a syntheuc sample of p-ethoxy-bcnzoic acid (see below) was 
undepressed. (Found. C. 65 2, H, 6 2. OQH,, 26 9, C,H,oOj requires 
C, 65-1: H,6 0: OC,H., 27 1®%) 

p-Hydroxy-benzoic acid (I 0 g.) was ethylated in acetone solution with 
ethyl iodide (3'Oc.c.) and anhydrous potassium carbonate by boiling for a 
period of 15 hours. The solvent was removed by distillation and the residue 
treated with water. The ether-ester that separated out as a liquid was twice 
with ether On removing the solvent it was again obtained as a 
liquid. It was then hydrolysed by bolung with 20% sodium hydroxide 
sdntkm (20c.c.) for half an hour and the acid obtained on acidification, 
wM crystallised from 10% alcohol when it came out as colourless shinmg 
needles melting at 197-98*. Yield 0-9 g 

The aqueous potassium carbonate solution from which the ether had 
npu ffifiri was acidified with dilute sulphuric acid when a crystallite precipi- 
tate separated out It was crysUlhsed from 10% alcohol and was found to 
be p-ethoxy-benzoic acid. Yield 0-1 g. Thus m the process of ethylation 
of p-hydroxy-ben*oic acid some acid is formed along with the ester. 
a: 2: 3:4: 5 -penttmietMoxy^ethox}HKetophetione {IX).— 

The above ketone was methylated m acetone soluUon by boiling with 
dimethyl sulphate and anhydrous potassium carbonate for a pwiod of ten 
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hours. The solvent was th«i removed by distillatJon, and the residue treated 
with water when an insoluble liquid separated out and it was extracted with 
ether. Removal of the solvent gave the methyl ether as a viscous liquid. It 
did not sohdify on keeping in the icendiest for a number of days and attempts 
at crystalbsation were not successful. It was insoluble in aqueous alkab and 
did not give any colour with alcoholic ferric chlondc. Hence it was consi- 
dered to be the required ketone and was further identified as lU 2 : 4-dmitro- 
phenyl-bydrazone. This was prepared by boiling the ketone with an alcoholic 
solution of denitro-phcnyl-hydrazine and was obtained as deep red rhombo- 
hedral prisms by crystallisation from alcohol or acetic acid melting at 
198-99" (Found. C. 57-7, H, 5 9, C„HmO,.N 4 requires C, 57 5,' H, 
5 9%.) A mixed melting point with 2 : 4-dinitro-phenyl-hydrBZine was 
depressed 

Ethylation of 2-hydroxy-m 3 4 5 . 6-pentantethoxy-acetophenone (VIII) — 
ai:2‘3 4 5-pentamethoxy-6-ethoxy-acetophenone (IX) — 

2-Hydroxy-«> 3 4‘5 6 -pentamethoxy-acctophenone* was ethylated m 
acetone solution by boiling with ethyl iodide and potassium carbonate. The 
product on working up came as a hquid which could not be solidified. It 
was msoluble m dilute aqueous alkali and did not give any colour with 
alcoholic ferric chloride It was identified as its 2: 4Hlinttrophenylhydra- 
zone This was prepared as before and it crystallised from acetic acid as 
red rhombohodral prisms mcltmg at 198-99" A mixed meltmg pomt 
with the sample obtamod previously was undepressed 
Summary 

The constitution of calycoptcnn as 5 . 4'-dihydroxy-3 : 6 : 7 . 8 -tetra. 
methoxy-flavone has been confirmed Calyoopterm diethyl ether has bem 
shown to have ethoxyl groups in the 5 and 4'.positions, since on fission 
with alcoholic alkali, it yields p-ethoi^ benzoic acid and 2 -hydroxy-<o : 3 ; 4 ; 
5 -tetramethoxy- 6 -cthoxy acetophenone. The constitution of the ketone has 
been established by methylation and comparison with a synthetic sample 
obtained by the ethylation of 2 . 3 . 4 : 5-pentamethoxy.6-hydroxy-accto- 
phmonc 
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A WOTE Ol4 TME CONsi'lTtjIriOiJ 6 p ALPINETll^ 

' ^iBVj^C.'yj^wBSWAiiARAbAW’i:' R'StikriXbiu 

(P^ fht D0par(mnu of C^nililrf, AmOira UJnrtUy) 

Rfsci^cd Mfreh 1> 1W« , , 

From thc‘ other extract of the seeds of Aipbuta chlnesis, KitnurA^ isolated 
alplnetjfi having a mcltmg point of 223“, Based on a study ,of its propcrtJiea, 
uid reactions, he considered it to be 5-hydroxy-7-inathcxy-flavanoro. A 
substance of this constitution had already been piepared synthetically by 
Shinoda and Sato^ and its molting poult recorded as, 101% Tb> y rnedo it 
by the pirtud methylatiorv of 5 7-4ihydrcxyTfl^vanore uurg diijKir.eilare, 
la view of I'lis discrepancy, 5-hydroxy-7*methoxy flavanonc has now been 
prepared in a difiecent way by the partial demeihylation of 5 : 7rdimcthoxy 
flavanone using aluminium c^ndean nitrobci zene solution i In its pro> 
porties It agrees with the desciiption of Shinoda and Sato and it melts at 
101-02*. A'pinotm cannot, therefore, be identical with this flavanone 
and Its constitution should be considered as unsettled. 

EltrEKlHEKTAL 

^:7-Dlmethoxyfiav<monfr- 

. 4 ; 6-pimcthoxy-2-hy<lro)tj-t;cetoFher.orc j'oquired for the prefer t pur- 
pose. was ptqiared by the partud methylalion of phJorscetepherore as 
dgecbhbd by Sastrt snd Sethadn.* It melted at and gave a reddish 
brpwn colour ,with feme chlondc- , , 

, In the conversion of this Icetone into 4: 6^me*hoxy-2'‘hydroxy<halkorc* 
^yields and.the quality of the product could be impnqved by adopting the 
fbUotung procedure. < i , . 

‘ ' A'mwture of 4 1 4 dmiethcxy»2-hydroxy*acct4>pheiTca'c (3 g ) ard' berzal* 
dehytM' (9o.b.) was dissolved in alcohol (20b.c.) ard treated with a' strorg 
aofation of potash (2S'g. of potash in 20C.c. of watci^ while ooolirg in- ice. 
B^diigtPalcohorWas then added to ^a homogeneous solution and-tbo flu^ 
ti^kiy ‘St^JjfaW and left for 3!dayS at the robin •feBipcTatiirc. ' tie ebrferffc 
wen> then with water, extracted twice with ether (A), ard thci clear 

aUtalmoiayw acadifled with concentrated hydrochlonc acid. The product was 
•xtbaoted with ether and the ether solution wsehed well with tqueouseeditm 
bicarbonate On distilling eff the ether the ebajkore was obUined as a rod 
liquid which soon solidified. Yip^d, 4^9^* ®P 

When the ethia: extract (AX was evaporated , it left a reddufi brown oily 
residue. It was treated with excess of petroleum ether ard the mixture kept 
ih thd IcfrOhdst. A pale yeno\lr ay^taHine solid separatod out. It was 
filtered, washed with small qiiantitipa pf and crystallited from a mijUure 
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of bcnaene and petroleum ether from which it separated in the form of 
colourless rectangular plates and prisms melting at 143-44^ It was identical 
w;ih the flavanone described below (Kostanecki and Tambor recorded the 
melting point of 5 : 7-<limethoxy flavanone as 1. 

For the conversion of the chalkone into the flavanone the former was 
refluxed with aqueous alcoholic sulphuric acid for 24 hours. The product 
was ground well with aqueous alkali to remove unchanged chalkone, washed 
with a httle ether to remove coloured impurities and finally crystallised from 
benzene-petroleum ether mixture. TTie flavanone separated out as colour- 
less rectangular plates and prisms mdting at 143-44*. It was msoluble 
m aqueous alkali and did not give any colour with fnno chloride. In con- 
centrated nitric acid it dissolved to produce an intense blue colour. When 
reduced with magnesium and bydrochlonc acid in an alcoholic solution, it 
gave an orange yellow colour 
S-Hydroxy-l-methoxy-flmanone.— 

A solution of 5 : 7-dimcthoxy-flavanone (0-5 g.) in dry nitrobenzene was 
treated with a solution of anhydrous aluminium chloride (1 g.) in the same 
solvent. Afttf keeping the soiuUon at 100* for 1 hour, it was cooled and 
treated with excess of petroleum ether, whereby most of the nitroberzene 
was dissolved, leaving behind a greenish semi-solid mass. It was washed 
twice with petroleum ether and finally decomposed with dilute hydrochloric 
acid. The solution along with the solid product was extracted with ether 
and the ether solution repeatedly shaken with dilute sodnim hydroxide 
solution. A bulky precipiute separated at this stage in the aqueous medium 
but this dissolved on adduig more of water. The alkaline solution was filtered 
and acidified with hydrochloric acid. The precipitated solid was filtered, 
washed with water and crystallised successively from alcohol and a mixture of 
bmzttie and petroleum ether. 5-Hydroxy-7-methoxy-flavanone crystallised in 
the form of stout prismatic needlee melting at 101-02*. (Found : C, 71 • 1 ; 
H,5-4:CHaO, 110; CuHwOs requires C. 71 • 1 ; H, 9-2and CH|0, ll'S%.) 

It was sparingly soluble in cold aqueous alkali. In alcoholic solutm 
it gave a deep brown colouration with ferric chloride and an orange oolmur 
with magnesium and hydrochloric acid. In concentrated nitric add it 
dissolved to a fine blue solution. 
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ARYL ESTERS ANt) ARYLAMtDES OP 2-rtYDROXY-^. 
NAPHTHOIC ACID AND l-BROMO-2'HYDROXY-3- 
NAPHTHOIC ACID 

By G. V Jadhav and S. N. Rao 

(Oifmle Chtmlslrv Dtpartirmu, Royal liuiUutt of ScUiiet, Bamta/i 
Rcodvtd JjuuMuy 27, I94< 

(ConuwiaiaMd by Prof. K. C Sb»b. r.A je.) 

Thb aj 7 l estert of the acids are prepared by heating the respective phenol 
and the acid in presence of phosphorus oxy-chlonde at 130-140“ C. The 
esters of the bromo acid and o-anisidide and o>toluidide of the bromo acid 
are also obtained by the bromination of the esters and the corresponding 
arylamides of the simple hydroxy acid. 

The method for the preparation of arylamides of 2-hydroxy'3*naphthoic 
acid are either covered by patents or are very tedious,* probably because the 
preparation of its acid chloride is very tedious.* Now it is found that these 
arylamides can be easily prepared by heating the mixture of the acid and the 
amine with excess of phosphorus tnchlonde. 

In the case of l*bromo>2-hydroxy>3>naphthoic acid, however, as the 
add chloride can be easily prepared by the action of phosphorus penta* 
chlondo on the acid in presence of dry benaeoe, its arylamides arc prepared 
by the interaction of the acid chloride and the respective amine m presence 
of dry benzene at room temperature. 

ExpBrimmtal 

Preparatlat oj aryl isters.-^ 

He acid and the phaiol were taken in equal weights and phosphonis 
oxydiloride whose volume was equal to half the weight of the acid was added 
to the mixture. The mixture was bnted at 1 30-40*, until a clear solution 
was obtaired When cold, the reaction mixture was diluted with water and 
solid was washed completely. All the substances are crystaUised 
from acetic acid. They are described in TaWe I. 

%-Bydroxy-ynifiah<^<Ma4e.—K mixture of the acid (4g.) and 
fradily distilled o>totuidine (5 g.) was heated to melt the acid and then phos- 
jAofus trichloride (10c.c.) was added through the top of the condenser and 
the mixture was heated at 160-70* for two hours. When cold, the mixture 
was titurated with dilute hydrochloric add and washed with water. It 



ii6 


G. V. jadhav and S. N. Rao 


Table 1 


Sabitarc. 

Cryata.UBa ihap* 

M.P. 

Form all 

1 ! . ' 

Found 

Reqnlrvd 

Yield 

<>-Cr«yl'l h}dro»r‘d 
naphthoRt* 
m Cr«syl-t hydroay 3- 

Yellow RMdlet 

Pale yellow Beedlei 


citiiuO, 

C„«mO, 

d, rf-i ! 

H 8-0. 
C, 77 7 , 
II. 4-4| 

H, 5-0 
C, 77 7 
H. B-O 

' 85 

SO 

•Phenyl-1-' romoS- 

Pale yellow peedlea 

m-r 

C„HuO» Br. 

Br, 33-0. 

Br, SS-S 

76 

hydroxy S-naphthoate 
VLraiyl 1 hromo-3 

Yellow needlet 

lSS-4* 

Cia'l»aOa Br 

Bt, » 4 s 

Br. 2S-4 

78 

hydroxy Snaphthoatt 
•arCraayl 1 bromo-S- 

Palo yellow needlee 

14S-7* 

c„ir„o.& 

Br, 23 7 1 

Br, 23 4 

75 

hyuroxy 3 naphthoata 
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crystalUsed from aceuc acid in ftnall white needles, m.p. 192-3*. Ylfeld 
35% (DRP 293.897 gave m.p. 193-6*) (Found. N, 4-8: Ci,HuO,N 
requires N, 3-1 percent) 


2-]ff)>dfoxy-3-napth-m-tolui<Bde —A mixture of the acid (5 g ), m-toluidire 
(6 g.) and phosphorus trichloride (20c c ) was heated under reflux at 170-80* 
for two houra and then worked up as above It ctysthlliied from scetw tcid 
m shining plates, mp 213-14®. Yield 80% Found: N, 4 9; C,»HijO|N 
requires N, 5- 1 per cent )• 

2-Hydroxy-i-naphih-<y^lsulide —A mntture of the acid (5 g ), (vanisidirc 
(7 g ) and phosphorus tnchlonde (20 c c ) was heated under refl^ux at 170*{i0* 
Tor two and a half hours and then worked wp-as before. It crystalteed' from 
•aeetic acid in aaiall needles, m.p 162-4®. Yield 20% (D R P. 293, 897 
gave m.p. 167-8*) (Found: N, 4-6, C„HuO,N requires N, 4 8 pCrcertf) 

' \.Bromo-2-hydroxy-l’Jviphthoyl chloride —A mixture of the aetd (5 g.) apd 
phosphorus penUchloride (3 g) and dry benzene (lOc.c.) was heated gently 
on a water-bath until a clear ofange si^tibn was obtained. On cooluig the 
soluUon. yellow needles of the acid chloride separawd oiitr The sbHd-wlu 
washed with dry petroleum ethec^gnd dried in vacuum over phojphorus 
pentoxide.'tn.p- 145-6®. (Found, Cl, 12‘2, < Br, 27-6; CnHtOedfir 
requires Cl. 12 4; Rr. Zg Oper cent.) , ; 

Arylamides of \-bnmo-2‘hydtoxy’i-fiaphthoU add.—'tht '«rid chloride 
pr^ared from a certain weight of the acid was dissolved in iufflcienl quantity 
of dry benzene (10 times in voli of the weight teVwi) and' to it the aiftinb. 
whose volume was equal to the weight of the aad takeq* dtssdvediih t little 
dry benzene was added and the nuxture wasi left at room tempccatsuis fbr one 
hour. The eobd obtained after the removal of the solvmd: was treated with 
dUute hydrochlorK acid, washed with water andahen oystalhsedfiram aeetic 
The substaocea are desonbed in Ihhle.Hi . , i n 
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Table II 


TTTrrw 

ncWf , ] 

f^ryitalllMvahapr 


FoiiiT ' " 

foand 

ym-rr 

IwnVred 

Vld 

, Bit. 

1 Bromo-ahydrnaySi • 

Pain yMloir meadlat 

t«-s\ 

C„Hj,0. NBr 

Bf, lEo 

Br. 22*4 

W 


Velfaw nnodltx 

JSl-S*' 

C„HuP,NBr 

Br, « 3 

hr 12 s 

5S 

naphtha n-lolaMtdb < 

1 Bromo-I hydroxy 3 
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I71-2* 

C„H„0, MBr 

Br. 29 9 

Br, 21 5 

75 

naphth m toluldidat { 
1 Bromo 8 hydroxy 3 

Pale yellow naedlee 

»I-3‘ 

OixHmO, 

Br, 2S-e 

Br. 22 S 

70 

*1-1 romo t hydroxyS 

Yellow needlee 

l#l-f 

C, . 11 , 40 . MBr 

Br, 21 -9 

Br, 21 5 

60 
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l-Bromo-t hydroxy 3 

Yellow platei 

173-4* 

C..H, 40 . NBr 

Br, 21-2 

Br, 21 8 

60 
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StbitiniM mtrie 1 * ai ptepOtd dlrtct coh<l#««»tlOB »* *«11 U bjf the bromlftMlaa ol ih* 
coi»M«oadin| dtrit^tvu o( ttat I hydrouM ntplholc acid 


(Tha pnparatlon of <• and mitjHii aifota of BhydrOayS-napthole acid and «- and W- 
lolnididei and o-anlaldld* of the aamf add at well at ehenyl *■ and »f cretj! titeri and anUide, 
f, « anti aitoinliidea and d- inif ^anll'ldldei of 1 brom>*'hydroiy.>aiip(itholc acid It det rfbed. 
Tha ptMta apd »-toluldlde,aod o-anltidlde of I btono-Miydtoa,-J-oapithole aid are Utot 
prepared by the bromlnatlon of t{>e cotretj^odlnf derleadvet of the » bydrpty S-paphtboto ae^d ) 

i^rominatlon of the phenyl, o-, and m-cresyl esters and o-tbbddide and okmisidide 

Thb requldife ester (2 g ) was mixed' dry ehlordform (10 c e ) iind 
the >olB^qn,of hromme in the ^aoje solvent (14 c.c, of 10% solwtot) w»s, 
gradually added to it. The reaction mixture Was left at room tempe^-ature , 
for half an hour and then the solvent was removed. The bre mo-derivative 
was cryitallit^ from'acetit acid and mixed' melting point with the authdntic 
spicimen described Ih Table I was taken, when no lowering in melting point 
wiui tibserved. ' 

III thb bromlnation of o-toluidide and o-anisidide the same method was 
Ufed, but fhey being jess solttble^ more solvent was ii^ed, the proportion o^j 
the rradtants being 1:T.' These’ products also were drystallisc^ (rdm' fCetic 
ab'ull and miied melting points with authentic specimens dwcribed in Table li' 
showed Ko ’* *"■ 


1. ' Kteff ttv , 1 8»2, IS.' 1743, Brh pitehl 2<sb37 , t) S piient 1 ,733. . 

). 1 j . .pawn 93PJI •( r98j , i> It. mmr, 294799 of 1914. \ > 

; MJ I901*i2a, 791'. ' 

1925, Ml 1948; F«^ *• ll«H2W (»2^ . 



STUDIES ON THE DEPENDENCE OF OPTICAL 
rotatory power on chemical CONSTITUTION 

Part XXVIX. The Rotatory DIapereion of Stereolaomarlc 
2 : 5-Dichloroanilino-, 3-NUro^-chloroanilino , 2-Nitro p- 
toluidlno- and 4-Nitro-o toluidino methylenecamphora 

By Bawa Kartar Sinom and Ram Ki^mar Tbwari 

(Prom iht D.parimtHi of CktnriMry, VnlrtriUy of Allahulmd) 

Received Fcbmaiy 22, 1946 

In continuation of our studies. Part XXIV in this fcries,* we have now 
investigated the rotatory dispersion of the condensation products of oxy- 
methylenecamphors (d. /. dl) and 2 : 5-dichloroaniiine, 3-nitro-4-chloro- 
anilin e, 2-nitro-/»*toluidine and 4-nitro-o-toluidinc. 

Influence of Chemical Constitution on Rotatory Dispersion 

Rotatory dispersions may be classified as “ Simple ” or ’* Complex ” 
according as they can, or cannot, be expressed by Drude’s one-term equation, 
[a] The condensaUon products of oxymcthylenecamphors and 

aromatic ammes. described here, were found to obey the simple dispersion 
formula exactly. On plotting against A», exact straight lines were obtained 
(Fig 1) 

Out of 430 observations recorded m this paper (Tables m-VI), in as 
many as 398 cases the difference (o-c) between the observed (o) and the 
calculated (c) values of specific rotation corresponds to a difference of 0 02* 
or less in the corresponding angles of rotation In 22 cases this difference 
lies between 0 02® and 0 03®. and only in 10 cases, most of which are for 
Hgiiis (Mercury violet)— a difficult line to read— this difference lies between 
0 03* and 0 05®. All these differences (o-c), not given here for economy 
of space, are, however, of the nature of casual expenmental errors. 

Physical Identity of Enantiomers 

Pasteur’s Law of Molecular Dissymmetry, according to which the </• 
and /-forms of a substance possess identical physical properties as regards 
their magnitude has been found to hold good: the values of the rotatory 
pow^ of the if- and- /-forms of the compounds in different solvents (Tablet 
m-VI) are identical within the limits of expenmental error. 
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(1) 2-Nltn>-p-toluidIno(ne<fayl cii«-i/-ca(npbor io benaa* 

(2) 3-Nitro-4-chloroana(iioirethyl «n©<faiinphor in chiorofotra. 

(3) 4-Nitro-^loIgidinoinwhyl uie-d-camplior lo methyl eicohol. 

(4) 2 ■ S-Dfchloroanilinomethyl «ie-rf<ainpbor In methyl akobo) 

EmcT OF THE Nature of the Substituent Group on 
THE Rotatory Power 

The polar effect of substituent group is traceable in optical activity.*** 
In the present mvesugation we have studied the effect on rotation of 
three substituents, Cl, CH| and NO« groups, which are assigned polarities 
in accordance with the following polar senes* deduced from specific inductive 
capacities: OH, Cl, Br, I, C,H,, CH„ H, CO,H, CHO, COCH„ CN, n 6,. 
From this study it is found that the effect of substituents on the rotatory 
power can be generally correlated w*th their polarities as is evident from the 
, account:— 
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(1) Cl, on account of iu negative polarity, lowers tte rotatory power 
of the parent compound as supported by the foUowir g obtervations (Ttble I) : 
Table I 




Slu^us o» hfwir^iCX VI 1 2il 
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.1 ' > Straeialrat fomnilc 

MW3H 

81-t* 

htOH 
15-a* 1 

Ace- 

81 -6» 

Pyri 

dine 

U-4* 

Chloro 

jfoia 

8-8* 

Beo 

g.Sge 

' ' ' NO, 

' ' ' /lC*'CH-NH-<r’ \ 

SM'9* 
iM 9«) 

:• 

M9-2* 

(89-47) 

»67‘1' 

(69-80 

|S<M* 

;(a8-tS) 

8l8-«‘ 

(67-73) 


SIO 7 
(77-47) 


619-4 
(74 11) 

646-0 
(79 68) 

493-6 

(74-49) 

437 -0 
(68-06) 


4f4-4 

(M-fl) 

439 B* 
(61 C2) 

443-3 

(83 31) 

40S 8 
(80-48) 

384-8 

(88-68) 

363-6 

(7l37) 

/|C Vh, 

46S 0 
(79 60) 

440 8 

(80-12) 

423 8 
(78.77) 

401-6 

(74-18) 

401 6 
(74-1;) 

366-4 
(68 86) 


460 0 
(M,78) 

461 3 
r(81>83) 

! 

448-9 

(8I-08) 

48S-I 
(81 21) 

4U 8 
(W-87) 

387 1 
(70-71) 


• liieiectric edMunt of the BOlvem 
’ t Catftil^tw n'lk n-om th* dltpcrt on formula 
I 0 Bt K,’^ln»ll Md R. K. Towari, Froc lixUat Aeadi StI , 1945, 22 A. 20 
' * B K 8 ngh A B Lil, WW. 1941 12A. 157 

r B. K Singh and B Bhadurlv IbU.. 1937, CA, 343. 

4 B. K. SingS and T P Barat, /. Man C'.rm Soe , 1943, 17, 1 
^ B K Singh, B Bhaduri hod T Bawl, Ibid, 1931, f, 345 ' 

the rotatory power of 2- 5-<Jichloroanjlincirclhylerecfmphor (I) is lower 
than 'ihht 'of b- ahd m-chloroahilinomcthylercianiphor? (VITI, IX); the 
rotatbty ' power' of J-flitro-A-chloToaniHrbmetJ-ylerccfniphor (H) is lower 
thatl'thBt of iH-nitroanilinometh'ylerecEinphor (XII); ard the rofatory power 
of b*; W-, dhd '/Hjhloroanifiroiricthy’crccrinphors (Vlfl, IX, X) is lower than 
thdt of ihilhibniWhyteficdEW^hbr (XVI) in all the solvwts. ( 2 ) CH, ^up 
also " oh kdeount df lA hegaUva polarity, has a lowering effect on the rotatory 
of thejparerit cpriipdund ais w evjdeht from the following observatit^s 
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p-toliudinomethylenecamphors (XIV, XV) u lower than that of anilino- 
methylenecamphor (XVI) in aU the solvente; the rotatory power of 4-d^o- 
o>toluidinoniethylonecamphor (V) is lower than that of in>chloroanilino- 
mcthylenecamphor (IX) in five solvents but higher in pyridine. There are, 
however, some deviations from the abovemcntioned generalization; the 
rotatory power of 4 -nitro-o-toluidinomethylcnecamphor (IV) is lower than 
that of m-nitroanilinomethylcnecamphor (XU) in three solvents but hi^er 
in pyridine, chloroform and benzene; the rotatory power of S-nitro-o- 
tohiidinomethyionecamphor (VII) is lower than that of /i-nitroanilino- 
methylenecamphor (XIII) in methyl alcohol but higher in acetone, pyri- 
dine. chloroform and benzene. (3) On the other hand, the positive- 
polarity of NO» group should raise the rotatory power of the parent 
compound. This is supported by the following observations (Table I): 
the rotatory power of 3-nitro-p-toluidinomctbylenecamphor (VI) is hi^er 
than that of p-toluidinomethylcnecamphor (XV', and the rotatory power 
of p-nitroanilinomethylenecampbor (XIII) is higher than that of anilino- 
methylenecamphor (XVI) m all the solvents ; the rotatory power of 
o-nitroamUnomethylenecamphor (XI) is higher than that of anilinomethylenc- 
camphor (XVI) in all the solvents except pyndinc in which it is lower. But 
in the following three cases the NO* group ts found to have a lowering effect 
on the rotatory power: the rotatory power of 3-nitro-4-chloroamlino- 
methylenecamphor (11) is lower than that of /xhloroanflinomethylene- 
camphor (X); the rotatory power of 2-nitro-/vtoluidinometbylenecBmphor 
(m) is lower than that of p-toluidinomcthylenecamphor (XV); and the 
routory power of m-nitroanilinomethylenecampfaor (XII) is lower than that 
of anilinomethylcnecamphor (XVI) in all the solvents 

The effect of polarity of the substituent group is, with minor deviations, 
thus traceable m optical activity. 

The position of the substituent group has also an effect on the rotatory 
power and is brought out in the following cases : 3-nitro-p-toIuidinomcthylcno- 
camphor (VI), in which the NO* group is in the o-position to the substituted 
ammo-group, has a higher rotatory power, whereas 2-nitro-p-toluidino- 
methylenecamphor (III) in which it is m the m-po$ition to the substituted 
amino-group, has a lower rotatory power than that of p-toluidinomethylene- 
camphor (XV). S nularly, the rotatory power of e-nitroanilinomethylene- 
camphor (XI) ard p-nitroanilincmetbyleneccmphor (XIII) is higher (except 
in pyridine in the former case), whereas the rotatory power of m-nitro- 
amlinomethylenecamphor (XII) is lower than that of aniUnometfaylece- 
catnpbor (XVI) The NO, group raises the rotatoiy power whm it is in 
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tb« or p^^ition to tho iub»tituted amino-group, wheraes it Iowan it 
when It fa m the w-poaition. 

Effect of the Nature op the Solvent on the Rotatory Power 

The (pacific rotatory power of these compound* for Mgiui m six solvents 
fa given in Table I. The sequences of decreasing rotatory power are as 
follows 2 : 5-dichloroamlmomethylenecamphor (1) : methyl alcohol > pyri- 
dine > chloroform > acetone > ethyl alcohol > benzene; 3-nitro-4-chloro- 
anihnomethylenecamphor (10 ' methyl alcohol > ethyl alcohol > acetone 
> pyridine > chloroform > benzene; 2 -nitro-p-toluidinomcthylenecamphor 
(in): methyl alcohol > ethyl alcohol > acetone > pyridine > chloroform > 
benzene ; 4.nitro-o-toluidinomethyIenecamphor (IV): pyridine > acetone > 
chloroform > ethyl alcohol > methyl alcohol > benzene. The sequence 
of decreasmg (or increasmg) rotatory power runs m the cases of 3-nitro-4- 
chloroanilinomethylenecamphor (II) and 2-mtTo-p-toluidinomethylenecamphor 
(HI) strictly parallel with that of the dielectric constanU of the solvents, 
namdy, methyl alcohol (31 2) > ethyl alcohol (25 8) > scetone (21 >5) > 
pyridme (12-4) > chloroform (5-2) > berzene (2-28). A similar but less 
marked parallehsm can be traced in the case of the other two compounds 
also, namely, the rotatory power of 2 : SHlichloroanilinomethylenecamphor 
(r> is highest in methyl alcohol. whKh has the highest dielectric constant, 
and lowest in benzene, which has the lowest dielectric consUnt, and the 
rotatory power of 4-nitro-o-toluidmomethylenecamphor (IV) is lowest m 
brazene. 

It would, however, seem more rational to compare tho rotatory power 
of a substance with the dielectric constant of its solution, and not of the 
solvent in which its rotatory power is determined. We have used the values 
of the dielectnc constante of the solvents as we have not at our disposal the 
values of the dielectric constants of the solutions. 

The abovementioned sequences of rotatory power in the difierent sol- 
vent* are derived from the roUtory power measurements for (Table I). 
The choice of this wave-length is purely arbitrary as different sequences are 
obtained for other wave-lengths. For example, in the case of 4-ritro-o-tolui- 
dmomothylenecamphor(IV)tho sequercefor Hg,4.i is pyridine > acetone > 
chloroform > ethyl alcohol > methyl alcohol > berzene, whereas that 
for Ns’hh is pyridine > ethyl alcohol > acetone > methyl akohol > chloro- 
form > benzene. These effects of dispersion can, however, be ebminated 
when compound* are found to obey tho simple dispersion equation of Drude, 
W rotation-constaiit (K) of this one-term equation can 
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b# used 4s a rttiarore irf tha abs<(hito ioititelr^ pwVor'of the subttance. H' 
refers to a wave-length A, where A* — A,* » 1 ecjuard ttikSrott,' and it’ts OOt-f 
very wsh.fgre^ter t^afi lQ,OOOAUr, 71te.Jlc)ng?s^ , plpij^rvert ,wayH»ig^ «» 
our measurements w L'‘pp« and an exttapptetion from it ^o abot^t 10,000 A U. 
IS easily perniissibW jn view of the linear nahire of tie dispprsipn eqiwtions 
obtained from our measurements. We haw, therefore, aI?o giyen ^in 
bracieits (Table 1) the values of K, the rotation-constant, as a measure o( 
the absolute rotatory power of the compounds _ , 

Jt wjU reen that the value of K (Table I) w the different 
runs parallel with that of the diele^nc constant of the solvent, )n tbf 
of 3-nib:o-4-chloroanilmcii>ethylerecamphoi (II) ard 2-nitTp-^ 
methylenecamphor (IH) In the case of the other two compounds (I, IV), 
there is lees strict parallelism- the value of K for 2 : S-dichloroapilino* 
methyJorecfmpior (I) is lower in ethyl alcohol and bigber “i pyndiBe, arid 
for 4-nitro-o-toluidincmethylcrocrmphor (IV) it is lower in methyl and ethyl, 
acolwU than the sequence of the dielectric constants of the solvents warrants 
It- ' This further emtAasiws that the value of the dielectric eonstant of the, 
solutron rather than that of the solvent should be ccmpared with tie absq*, 
lute rotatory power of the solution. 

The compounds listed above in Table n are optically active nltro-dyesi 
They Vary in colour from yellow to orange in the solid state or in alcohollo 
solution Wheh their Alcoholic solution is made alkalire, the cololit 
deepens in the case of the ortho- and paro-mtro compounds (VI and Vn,^ 
OF TH^ Position op the Niwo-orocp on iHle tcLit* ^ 


OF THE Dyes 
Table II 
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2-rntro-p-toliddamnethylenecamphors 
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TaUa D), whereas no such deepening of colour is observed m the case of 
the mela-niito compounds (III and IV, Table II) This is due to the fact 
that ortho- and para-mtro derivatives can change in alkaline solution into 
the ocf-form having quinonoid structure as illustrated in the following 


fonnuls 



\’co 


I-Nltro^talnldlBoin*tliTl<Bacm>pSor 
(VI, T»bl«ll). ydlMT-WM** In 
alcoiial 



5-Nltro-«-tolaldlnoai«ihyl<uecuiiphoT 

(Vn, Table tl) . jellov 1 b elcohol 



a conjagete doalile hood* (ahorteat roetf) 
4 Coningate double bonds (lengasl ronte] 
Port wine red 



3 coo)ugato doable hoods (either reatc) 
neap Tldet 


Further, the chain of conjugate double bonds is longer m the para- 
quinonoid structure than that in the ortAe-quinonoid structure; this explains 
the deeper colour of the /wra-nitro compound than that of the ortho-mtto 
compound. 

The abovcmcntioned tautomcrisation to the oci-quinonoid form is not 
possible in the case of the meta-miro compounds (III and IV, Table II); 
therefore, there is no change in colour when their alcoholic solution is made 
alkaline The port-wine red colour of 3-nitro-4-chloroanilinoiiiethylerie- 
camphor (11, Table H), a mela-mtTO derivative, in alkaline solution can, 
however, be explained by assuming that the d atom, which is rendered labile 
by the adjacent NO, group, is replaced by the hydroxyl group, thus permitting 
uutomerisation into the o/tAe-quinonoid structure . 
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Our rosults are thus in agreement with the modem view* of the inSucooe 
of chemical constitution on colour * 

Dybjnq Properties of Compounds II, III, IV and V7 (Table II) 

These substances, being acid dyes, have been examined for their dyeing 
properties on wool from an acid-bath containing 2% sulphuric acid and 10% 
Glauber’s salf 3-nitro-p-toluidinomcthylenecamphor (VI) dyes wool a 
light yellow-orange colour which is fast to washing with soap and to sun- 
light (30 hours’ exposure). 3-nitro-4-chloroanihnomethylcnecamphor (II), 
2-nitro-/»-toluidinomethylcnecainphor (III) and 4-nitro-o-toluidinomethylene- 
camphor (IV) dye wool light yellow colour which is fast to washing with soap. 
Sunlight, however, causes fading in these colours to a slight extent after a 
moderate exposure (12 hours) 

ExpbriBibntal 

General Method of Preparation ~ The rfex/ro-forms of the compounds 
wore prepared by adding oxymcthylene-rf-camphor (I mot proportion), 
dissolved in ethyl alcohol, to the solution of the free base in acetic acid, when 
a precipitate was obtained immediately or on keeping It was then repeatedly 
recrystalliscd from ethyl alcohol 

The law- and racemic-isomoTs were prepared in the same way as the 
corresponding dexiro-compounds and had similar crystalline form and 
solubility 

2: 5-Dichloroanilinomethylene-d-camphor, mp. 139-140'’ C., was obtamed 
as crystals with yellow tinge It is very soluble in acetone, pyndme. chloro- 
form and benzene, less so m methyl and ethyl alcohols, and insoluble m 
water* (Foundt Cl, 21 89, N, 4 05 CiyH||O^C 1| rcQUires Cl, 21*87^ 
N, 4 32 per cent.) 

2.5-DkhIoroanllinomethylene-l-camphor.mp 139-140* C. (Found; Q. 
21-92. CirHifONCl, requires Cl, 21-87 per cent) 

2: S-Dlchloroaniltnomethylene-dl-camphor, m.p 136 5-137 5*C (Found: 
Cl, 21 - 87 Ci,Hi,ONCl. requires Cl, 21 -87 per emit ) 

i-Nllro-4-chloroanilinomethylene'd-camphor, m.p. 215-216° C . was 
obtained as bright yellow rectangular plates It is soluble in pyridine, less 
so m acetone, sparingly soluble in chloroform and methyl and ethyl alcohols, 
very spenngly soluble in bmizene, and insoluUe in water (Found: O. 
10-80; N, 8-19. C„Hi.O,NtCl requires Cl. 10 59; N, 8-37 per cent) 
i^MroA-tMoroaniUmmethylene-l-cOmphor, m.p. 21S-2I6*C (Found: 
Cl, 10-77 CitH„0,N,a requires Cl, 10-59 per cent.) 
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hmro-4-chhro<maiMmethylme^Ucamphor. mp. 204-205* C (Found 
a, 10-79 CiTHi,0,N,a requires a, 10-59 per cent ) 

2-Nltro-^tobdcBnomethylene-6-camphor, m p. 193-194° C , was obtained 
as long lemon-yellow rectangular plates It is soluble in pyridine, moderatdy 
soluble in acetone, chloroform and methyl and ethyl alcohols, spanngly 
soluble ID benzene, and insoluble in water (Found: N, 8 73 CitHnOgNt 
requires N, 8 92 per cent.) 

l-Nitro-p-tohudmomethylene-l-camphor. mp 193-194° C (Found N, 

8 -75 C,sHi»0,Nt requires N, 8 92 per cent ) 

l-Nitro-p-tohadinomethylene-dl-camphor. m p. 181-182° C (Found N, 

8 72 C,*H„0,N, requu^es N. 8 92 per cent.) 

4-Nitro-o-toluidinomethytena4-cidHpkor, mp 137 5-138-5° C, was ob- 
tained as lemon-yellow needles It is very soluble ui pyndme, chloroform, 
acetone and benzene, less so in methyl and ethyl alcohols, and insoluble in 
water (Found N, 8 71 Q.HmOjN, requires N, 8-92 per cent ) 

A-Sitra-o-toltddtnomethyleneA-cdn^hor, mp 137 5-138 5°C (Found 
N. 8 73 Ci,H„0,N, requires N, 8 92 per cent ) 

A-NUroo-iotuUHnomethykne-Al-camphor, top 139-140° C (Found 
N, 8 74 CitH„0,N, requires N, 8-92 per cent ) 

The rotatory power determinations were earned out m a 2-dcm jacketed 
tube at 35° C The value of A,, calculated from the dispersion formula, 
IS given in the ublcs and is expressed as p or 10^ cm 

Summary 

1 The rotatory dispersion of optically active forms of 2: S-dichloro- 
tmhno-, 3-nitro-4-chloroanilino-, 2-nitro-p-toluidmo- and 4-mtro-o-tolukImo- 
methyienecamphors has been investigated m six solvents for the visible 
spectrum (Aotm to A*,^, and found to obey the Drude’s one-term equation, 
it IS therefore simple 

2. Within the limits of experimental error the d- and Wonns of these 
compounds possess identical roUtory power. 

3. The effect of the polariues (as deduced from specific mductive 
capacity) of Q, CHi and NO| groups on the rotatory power has been studied 
With minor deviations, Q and CH, groups, beang negative. lower the rota- 
tory power, whereas NO| group, bemg positive, raises the rotatory power. 
Thus the polar effect of substituwt groups is traceable in optical activity 
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4 Sut^ to minor deviations, the sequoive (decreasuig or tnm«asing) 
of the rotatory power of these compounds runs parallel with that of the 
dielectric constants of the solvents in which the rotatory power is determined. 

Wo wish to make grateful acknowledgement to the University of Allaha- 
bad for the grant of facilities for carrying out this investigation. 
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FURTHER STUDIES ON THERMAL REPULSION 

By M K Paranjpb 

(From tha Mataorohgkal Offlca, Fooiu) 

Roccived PtobniMy 5, 1946 
(Cofflmuoictted by Dr L. A. RuiiUi, r aac.) 

1 Introduction 

Ramdas and co-workcrs pointed out early in 1934 that both above and 
below a heated plate there is a dust-free layer of very hot air. Above the 
plate this layer shoots up through the colder air above in a regular pattern 
forming what is known as the “ shimmering layer ” This aspect of the 
subject has been further developed and discussed in a senes of papers 
Below the heated plate, owing to the stable arrangement of the air layers, 
the convective phenomena are not violent as in the previous case but very 
much simpler In fact, when matters are so arranged that an air cell (filled 
with smoke and illuminated suitobly) is formed with a hot surface above 
and a cold surface below and the sides are suitably enclosed, the dark layer 
IS found to be restnetod in its scope by a pair of vortices. As the cold lower 
surface is brought nearer and nearer to the hot surface it is found that the 
vortices separate towards the two sides leaving a calm layer at the centre 
where the dark layer attains a maximum thickness, ultimately, when the 
cold surface approaches the hot one within 2 nun or less the vortices die 
away completely, all convective phenomena cease, and thermal repulsion 
has full play. When this “ convection-free ” state is reached, dust particles 
are repelled with a uniform velocity as defined by Stokes’ Law and are 
deposited on the cold plate The velocity is found to be proportional to 
the thermal gradient. These results have been discussed fully in a paper< 
by the present writer. Later, Ramdas and Joglekar* studied the movements 
of oil droplets in a vertical convection-free air cell (between a vertical hot 
surface and a vertical cold surface) and found that the fallmg particles being 
upon by gravity vertically and by the thermal repulsive force hori- 
zontally, move in straight lines inchned to the vortical from the hot to the 
cold surface. 

In the same paper they have described experiments on the steady 
deflection of a mica vane suspended parallel to the two surfaces by means of 
quartz fibre. The mica vane is repelled from tho^^hot towards the cold 
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surface, the deflections being proportional to the temperature gradient. The 
apparatus used in the above experiment is shown m Fig. 1. 



Fm I 

A temperature gradient is maintained between the faces GH and KL 
of the vessels A and B which are kept at the desired temperatures by circu- 
lating hot and cold water respectively through the pipes Q, C*, Ca and C| ; 
T, and T, are thermometers. The vessels A and B slide in the outer piece 
CEFD so that the distance between OH and KL may be adjusted as desned. 
The joints at C, D, E and F are made air-tight by means of a mixture of 
bees-wax and rosin. The mica piece M is suspended by means of a fine 
quartz fibre as shown in the figure. As soon as the face GH becomes warmer 
than KL, M is d^ected to the right, the deflection being proportional to 
the temperature difference when the air cell is thm enough to be convection- 
free, as It IS always arranged to be in all the experiments to be described here- 
after. The deflections are measured by means of a microscope focussed on 
the lower end of the quartz fibre and having a suitable scale m the eyo-pieCe. 
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The experiments of Ramdas and Joglekar were made at atmosphenc pressure 
At the suggestion of Dr Ramdas the i^eswit writer und«look the detaded 
investigation of thermal repulsion at different pressures ranging from atmo- 
sphenc pressure to ItHcm of Hg. The influence of the size of the gap 
between the hot and cold surfaces, effect of different gases, etc , have also 
been investigated over the entire range of pressure referred to above The 
results so far obtained are discussed m the present paper 
2 Experimental Arrangements 

The apparatus shown in Fig. 1 was found to be very convenient for the 
present work The inter-space GH KL was provided wnh two diametrically 
opposite glass windows through which a beam of light coming nearly per- 
pendicular to the plane of the diagram from below illuminated the junction 
of the quartz fibre and the mica piece. The gap was also provided at the 
top with an inlet tube for evacuation and introducing other gases For 
reducing gas pressure a Oaede High-Vacuum Pump was used A specially 
constructed MacLeod gauge designed to measure pressures in the range 
8 X 10-*cm of Hg to l(Hcm of Hg was used. Pressures higher than 
8 X 10-* cm. were measured directly with a vertically travelling microscope 
focussed on the top of the mercury column in the MacLeod gauge when its 
Hg reservoir is kept m the lower position Gas pressures were controlled 
during experiments by running the pump until the desired pressure was 
reached and by closing the stopcock between the apparatus and the pump 
Oases were dried by allowing them to stand in tubes containing phosphorous 
pentoxide before being drawn into the experimental chamber The tempe- 
ratures of the hot and cold surfaces could be maintained constant to within 
0'1°C. but actual temperature readings were always taken 

The general experimental arrangement is shown in Fig 2. 

The procedure followed in introducing a given non-corrosive gas was 
as follows •— T, and T, were kept closed Tj. T 4 , T 5 , T» were opened and the 
air was pumped out until the pressure fell to about 10 -«cra as indicated by 
the gauge. Then Tj, T., T* and T, were closed T, was opened end gas was 
admitted into the P,0, tube between T, and Tt- T, was closed and the gas 
allowed to stand in the tube for 15 mmutes. Then T* was slightly opened 
and a small quantity (as indicated roughly by the fall of Hg m the mano- 
meter M) of gas let into the space between T» and T* Then T, was closed 
and Tj opened so that gas filled the space between T, and T ». Then T, was 
and T« opened so as to admit the gas into the experimenUl chamber. 
This precaution m introducing the gas was necessary m order to avoid the 
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nucA vane being thrown into violent oscillations. After intr^ucmg t^ 
gas. It was pumped out. In this way. the apparatus was washed with^ 
Ss under experiment several times before the final filling wm done. The 
thermal repulsion at different pressures was then observed. In the case of 
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corrosive gases the KOH tower was used for protecting the pump To pump 
out the gases, Tj was closed and T, and Ta were opened. This was conti- 
nued till the pressure fell to about I mm of Hg The tower packed as it was 
with small KOH tablets offered a large resistance to pumping So to obtain 
lower pressures T| T, were closed and T| opened, the small residual gas not 
being expected to cause appreciable damage to the pump 

To enable sufficiently low pressures to be atuined wide-bored glass- 
tubing was used for connecting the different parts of the apparatus and rubber- 
tubing avoided as far as possible 

3 Varwtion of Thermal Repulsion with Pressure in Air 
F ig 3 represents a typical curve showmg the dependence of thermal 
pressure on the gas pressure. The distance between the hot and cold surface 
was 5 mm. The mica vane was m the middle of the gap. 8 is the deflection 
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in divisions of the microscope eye-piece scale. AT is the difference of tem- 
perature between the surfaces The length of the quartz fibre was 20 65 cm 
and the mass of mica 5 • 8 mgm. The dimensions of the vane were 0 • 742 cm. 



Fio. 3 

(length) and 0 328 cm. (breadth) One division in the microscope scale 
equals 1/20 mm. Unit value of 8/ AT therefore corresponds to a thermal 
pressure of 5 659 x l(h* dynes per cm.* 

It will be seen that the deflection is very small at high pressures, but 
increases to a maximum as the air pressure u reduced to 6-3 x 10“* cm of 
Hg The deflection decreases thcre^ter with further decrease of air pressure 
4 Variation of Thermal Repulsion with Temperature Difference 
To study the dependence of thermal repulsion on AT a gap of 2-5 mm. 
was used The mica vane was placed in the middle of the gap The dimen- 
sions and mass of the mica vane as also the length of the suspension were 
the same as before. The air pressure was maintained at 6 5 x 10'*cm. 
of Hg. The results are given in Table I 8 is the deflection of the vane, 
8 when plotted agamst AT will be seen to be proportional to the tempe- 
rature difference. This proportionality is used in the succeedmg sections to 
reduce the deflections for AT ■= I’C. 
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Tablb I 



5 Vawatjon of Thermal Rbmjlsion with the Position of the 
Mica Vane in the Gap 


The mica vane and the suspension used for this experiment were the 
same as before The gap between the hot and the cold surfaces was 7 • 5 mm. 
The vane was mitially placed at different positions along the axis of the gap 
and corresponding values of and p were obtained for each of these 
positions 

The results are given in Table II is the maximum value of ^ 

and the distance referred to is that of the vane from the hot surface The 
third row of the table gives the air pressure corresponding to the maximum 
deflection or what may be called the optimum air pressure. It will be seen 

that both XT optimum air pressure increase m value as either 

the hot or the cold surface is approached 


Table II 



6 Effects OF Varying THE Width OF TOE Gap 


The experiment described m Section 5 was repeated with a number of 
gaps using the same vane and suspension as before The whole of the data 
cannot be given here for considerations of space. It was however observed 
that if we restrict our attention to the same value of | (where Z is the distance 

of the vane from the hot surface and g the width of the gap) then the maximum 
deflections and the corresponding optimum pressures showed some interest- 

z 

mg features. These are given in Table III for the case - nearly equal to 
0-5. g IS the gap hr mm It will be seen that g x ^ (where 8* is the 
maximum deflection) has a mean value of 15-53. It increases from 12-9 
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for a smaU gap of 1-25 mm. to 17 0 for a gap of 10 mm but remains 
constant for bigger gaps. 

Again one notices a gradual but slight increase in the value of g x Pm- 


Table III 


otpx^r^lO* 

CpxbWOT 

.. 1-85 *8 

.. S It S-M 

.. lS-8 13-1 

8 7 8 10 0 

S-IS S.ao 8-84 

14.8 18 S 17 0 

11 88 18 0 80-0 

8-88 8 77 8-88 

17 8 18 8 17 0 

7 

Variation with the Area At<D Perimeter op the Vane 



Table IV 



1 14 IS IB 

l-SS 1 IS MS 1 20 

80 88 84 88 

l-M 1 84 1-88 1 3S 

8-8 3-0 3-8 3-4 

1.4 1-37 14 l-Se 


Rectangular mica vanes were used for this purpose. Table IV refers to a 
comparison of results with two mica vanes over a wide range of air pressures. 
The first had an area of 100 mm * Its dimensions were 1cm x 1 cm. and 
mass 18 4mgm The length of the suspension was 25 2 cm The other 
vane had an area of 45 mm.* Its dimensions were 1 5 cm x -3 cm. and mass 
9 9 mgm The length of the suspension was 25 5 cm The first row in 
Table IV gives the air pressure and the second row gives the ratio of the 
deflections in the two cases This ratio is seen to be fairly constant over 
the wide range of pressures experimented with This indicates that thermal 
forces bear a sensibly constant ratio at all pressures. 

Table V gives the values of ” x ^ for a number of mica vanes, m. / 
bemg respectively the mass and the length of the suspension j x 


Table V 



18 proportional to the maximum thermal force. The table also gives the 
perimeter and the area of the vanes. The thermal force seems to be pro- 
portional to the area. There is no simple relation between the thermal force 
and the perimeter. Thermal force does not, therefore, appear to be an edge 
effect. It is area effect, under the “ convection-firee ” conditions of our 
exptfiments, 
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8 Experiments with Mica and Aluminium Vanes 
To study the effect of the conductivity of the material of the vane, the 
experiment was done with a mica vane and later with an aluminium vane 
Both had nearly the same area The dimensions of the A1 vane were 
1 05 X 0 95 cm. Its mass was 48mgm and suspension length 22-0 cm. 
The mica vane had dimensions 1cm. x. 1cm. Its mass was 18 4mgm, 
and the suspension length 25 ‘2 cm. Fig. 4 represents the results obtained. 
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Curve 1 refers to aluminium and curve 2 refers to mica. The force on 
aluminium is slightly less than on mica. In comparison with the ratio 
„ , . , f conductivity of aluminium 

of thermal conductivities of the two materials ( — -.cir--.;- — 

“ “0018 “ change in thermal repulsion seems to be slight. 

9 Variation with Different Positions of the Vane along a 
Diameter of the Cylindrical Chamber 
A scries of measurements were made with the mica vane at different 
posiUons along a vertical diameter of the chamber, but equidistant from the 
two surfaces The results obtained showed that there is no apprecialjte 
variation with the position of the vane along this direction. 
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10. Vanb Placed with its Plane Pbupendicula* to the Plane 
OF the Hot or Cold Surface 

In Fig. 5, Curve 1 show* the results when the vane is parallel to the hot 
Surface and Curve 2 shows the results when the vane is perpendicular to the 



hot surface. The maximum thermal repulsion m the latter case is roughly 
half of that when the vane is parallel to the surface 

11. Large Aluminium Vane 

The diameto^ of the circular chamber is 7 *25 cm In all the previous 
experiments the area of the vane was very small as compared to the area of 
the hot or cold surface. To study what happens when the area of the vane 
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approaches that of the hot surface, an aluminium blade of the shape given 
m Fig. 6 was used. It is a thin circular disc of radius 3 '25 cm. with a rect- 
angular cut 2 Scm. >< 1-5 cm. to allow firee space for the glass separating 
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pieces placed between the hot and the cold surfaces The area of the vane 
was 29 -44 cm • The maximum value 7 AT ^ A ** proportional 

to the ratio of thermal force to area A of the vane) was found to be O ' 024 
This compares favourably with the value 0-025 found for an aluminium 
blade 1 cm. x 1 cm. Thus the proportionality of thermal force to area 
holds over a very wide range of areas. 

12. Different Gases 

A gap of 5 mm was used In all cases the vane was kept m the centre of 
the gap. The vane was of mica and had dimensions 742 x -32 x -016 cm 
Its mass was 5 8 mgm and the suspension length *= 20-65 cm The 
results obtained are shown m Fig. 7. It will be seen that as the molecular 
size increases, the peak becomes lower and at the same time shifts to the low 
pressure side. In Fig. 8, the values of 8^/ AT (maximum deflection per 
degree difference of temperature) are plotted agamst the mean free path at 
NT.P. which is mversely proportional to the area of molecular cross-section. 
The values are the means of two sets of observations The curve is a straight 
line passing close to the ongm In Fig 9,' the abscissae are logSi» of the 
optimum gas pressures. From the graph it can be deduced that 

56-23 5b 23 nearly. 
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13 . Oeneral Discussion of Results 
(fl) In the cxpenments described above, a vertical gas cell is used. As 
shown in a previous paper by the present author, a vortex motion is present 
at atmospheric pressure if the gap is not small enough. If the gas pressure 
IS reduced sufficiently, a stage is reached when the vortex motion will cease 
whatever be the width of the gap. The wider the gap the lower the pressure 
will have to be reduced to for attaining the “ convection-free ” state. For 
the purpose of the presoit paper, it is quite safe to assume that at pressures 
below 1mm of Hg convecdonal movements are entirely absent In an 
Mr cell without ctmveodve movemente the air is stratified into vertical strata 
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An attempt will now be made to derive an expression for the thermal 
pressure starting from some elementary considerations and to use it to explain 
the important features of the phenomenon described in the foregoing sections 
In Fig 10 let HH be the hot surface and CC the cold surface. Imagine 
unit area AB parallel to HH. This area is crossed by the same number 
of molecules per second in either direction. Denote this number by 'n\ 
The molecules crossmg AB from left to right are more energetic than those 
crossing AB from nght to left. Naturally thae will be a net transfer of 
momentum from Irft to right across AB. This momentum will clearly be 
proportional to ‘n’. Again the molecules crossing AB from left to n^t 
may be supposed to have, on an average, a temperature t, appropriate to 
some such plane as K Similarly we may su^Jose P, to be the equivalent 
plan#, on the right-hand side and let the temperature there be r, Then the 
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momentiun ‘M’ transferred across AB in xinit tune may further be assumed 
to be proportional to — tg or At 

MocnAt 

Now the number ‘n’ of molecules crossing unit area is known to be pro- 
portional to gas pressure 'p' 

M^pAt 

We now observe three things about At. 

(0 The molecules crossing AB from Idl to right are coming from different 
strata between HH and AB. As the pressure of gas is reduced, the mean 
free path increases, and the proportion of the molecules coming from larger 
distances from AB increases, the equivalent plane Pj moving nearer to HH 
and thus increasing the value of tj. A similar argument shows that as pressure 
decreases, P| moves towards CC, decreasing the value of t*. Thus as gas 
pressure Y decreases, the effective temperature difference increases 

(ii) Imagine a molecule to travel from the hot to the cold surface Then 
it suffers ira*gv collisions, where <r is molecular diameter, ‘g’ the distance 
between the hot and cold surfaces, and v is the number of molecules per c c. 
The degree of equalisation of kinetic energies clearly increases with the number 
of these collisions and may therefore be assumed to be proportional to 
Oi + bi (■ira*gv) 4- Cl (ire* gv)*, 
where aj, bi and Ci are constants. 

At will clearly decrease as the degree of equalisation of kinetic energies 
increases Let us put therefore 

di^ec of ’equaliiitibn''bf kinetic~en«^es 

“ Ui + 6.(i«r‘gv) + Cl (ire'gv)* 

But V oe p and therefore we may write 

^ at + 6,'(»ra^)+ c/(iro*gp)*’ 
where iii’, bt and c,' are consunts 
This is obviously consistent with the idea In (i). 

(lii) Again At may be assumed to be proportional to AT, the tempera- 
ture difference between the hot and the cold surfaces. 

AT 

“ flr+ b,'I«T*g^ -I- c/(^*gp)‘' 


.-. We put At 
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But we have Seen that M 
Therefore M 


p At. 

P AT 

ai +Si'lm*gp) + + Cl' (va*gp)*- 


If we now suppose that a vane of some material is suspended ui the position 
AB, then this vane will experience a thermal pressure proportional to M. 
We therefore have thermal pressure 


p ^ ap _ 

^ 1 + hfer‘pp)+c(a*|p)> 


( 1 ) 


a, b and c being constants • 

Wo will now examine how far (1) explains “ the observed results ” 


It can be shown by differentiating the above with respect to p, that ‘P’, 
regarded as a function of 'p', has a maximum at p = explains 

the hump observed in Section 3 The proportionality of ‘P‘ to AT (when 
‘p’ IS kept constant) described in Section 4 also follows from (1). The opti- 
mum pressure 


so that p* X g = a constant for a given <t, / e , for a given gas. This was the 
result found in Section 6 If now we substitute this optimum value of ‘p’ in 
(1) then the maximum thermal pressure 

P __(aA_T)/JVcg<^*) f3j 

^ + V? 

If the gap IS vaned, then P* x g is a constant This is another result found 
in Section 6 


In Sections 7 and 11 we have seen that the thermal force is proportional 
to area. This hardly needs any explanation after readmg through our dai- 
vaUon of equation (1) 

If the vane is thin enough to enable us to suppose that its two sides do 
not differ very much in temperature, then it is immaterial as to what the 
material is. This is roughly what we find in Section 8 

From equation (1) it will be seen that as the gas pressure p tends to zero 
the thermal pressure P tends to be equal to op AT. This expression is 
independent of <r and therefore independent of the gas used. Here reference 
may be made to the work of Lockenvitz.* Ho shows that the thertnal pressure 
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at very low gas pressure is given by 


This is independent of the particular gas used. Wo thus sec that equation 
(I) gives as a limit the formula of Lockenvitz 

Let us now consider results for different gases described in Section 12 
The maviiniini deflection 8«/AT (which is proportional to the maximum 
thermal pressure) was there seen to be proportional to the mean free path 
at NTP, /e, A « j, 

Therefore W 

This result follows from (3) above 

Thus formula (1) represents most of the experimental results. 

Consider now the optimum gas pressure p* as given by (2). 

P” ~ \/cgo*' 

ButP^ccj,. 

Therefore on our theory we expect P« « p* On reference to Section 12 
It will be seen however that the verdKt of the experiment is 
P<« P**^* approximately. 

Thus in this respect, although the theory given above does predict correctly 
that Pm increases with P*, the flt is not quantitative. 

(6) We shall now consider the experimental results described in Section 5 
Mandcll and West’ have shown that the fall of temperature from the hot 
to the cold surface is not exactly linear. They have shown that the tempera- 
ture falls more rapidly near the hot and cold surfaces than in the middle. 
It IS natural to expect that the thermal force on the suspended vane will be 
varying similarly to the temperature gradient in its neighbourhood This 
explains the larger deflections obtained when the vane approaches either 
surface. 

(c) Explanation of the results in Section 10 — Wc have seen that even 
when the vane is placed perpendicular to the hot surface, there is quite a 
largo thermal r^ulsion, the maximum value being about one half of What 
wc got when the vane is parallel to the surface. This result may appear 
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to be rather puxding at a first glance. One is apt to think that the thermal 
force when the vane is perpendicular to the hot surface should be vanishingly 
small. The following considerations, however, show that the deflection 


A 


B 


H C 

Pio 10 

actually observed in the perpendicular position is to be expected. We make 
the following assumptions — 

(1) Let n be the number of molecules striking or leaving unit area of 
a solid surface in unit time Then we suppose with Knudsen* that the 
number whose velocity directions lie in a narrow cone of solid angle den 
whose axis makes an angle ^ with the normal to the surface is given by 

• cos ^ </cu 

(2) The molecules coming from the hot surface side and the cold surface 
side have mean vdocities C and Ci respectively, C being > Ci , Cu is the 
vdocity of a molecule corresponding to the temperature T# of the vane. 

(3) Consider a solid surface at temperature T# in contact with a gas. 
Let the mean temperatures of the incident and reflected molecules be T and T’ 
respectively Then if a is Knudsen’a accommodation coefficient, 

T' -T 

““V-T 

Let ua now suppose that a fraction * of the incident molecules is 
absorbed and then re-emitted with the temperature and that the others 

AS 


Z 
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arc ro-cmitted wthout any alteration of temperature. Then the mean 
temperature of the outgoing molecules “ Jf T» + (1 — x)T and this must 
equal T' Substituting this value of T' m the equation for a we get. 

xTfl +(1 -Jf)T - T _ „ 

“ “ ^ 

Let C. Co be the molecular velocities appropriate to temperatures T and 
To. We can then sum up this point by saying that without contradicting 
Knudsen's idea of an accommodation coeflScient a, we are assuming that of 
the incident molecules a fraction a is temporarily absorbed and then leaves 
with velocity Co, while the remaining molecules go away with unaltered 
velocity C. 

We shall now proceed to calculate Pi and P, which are the thermal 
repulsion forces per unit area when the vane is parallel and perpendicular 
respectively to the hot surface. 

Choose axes as shown in Fig 11 so that the YZ plane is parallel to the 
hot surface and the temperature decreases along OX 
Calculation of P, 

Suppose that the vane is kept at O with its plane parallel to YZ plane. 

The momentum Pi imparted by the molecules m unit time per unit area 
of the vane is made up of the following parts on the X side of the YZ plane, 
(i) Momentum due to n molecules incident 

(u) Momentum due to (1 — a)n molecules leaving with unaltered 
velocity. 

(ui) Momentum due to an molecules leaving with velocity C®. There 
will be three similar contributions say— (i)', (ii)' and (iii)' due to X' side of 
the YZ plane. Since (m) and (iii)' are equal and opposite their joint result 
= 0 

Consider (i) and (ii) The result is clearly the same as that of 
„ 4 (1 - a) a molecules or n (2 - a) molecules being incident. Same is 
true of (O' and (ii)' 

Thus Pj = Momentum due to «(2 - a) molecules of velocity Ci incident 
on X side of YZ plane and 

Momentum due to n(2 -e) molecules of velocity C incident 
onX' side of YZ. 

-«(2-a) 


Write n' 
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Now the number of molecules incident along {6, dot) in the octant XYZ 


=* sin • cos ^ dB dp 

The momentum due to each molecule of this group parallel to OX 
= — m Cl sin B cos p 

sin’ B cos p dB dp'^ mci sin B cos p due to 
4 octants on the X side of YZ plane 

+ 4 J* ^ ^ sin* cos dp^ {- me sin B cos p) due to 

the 4 octants on the X' side of YZ plane 
=. ^ sm* B dS J" cos’ pdp — Ci ^ cos’ P dp"^ 

«|n'm(c-cO 

-=|«(2 -a)m(c — cj since n' -n(2 — o) 


Calculation of 

Suppose the vane to be placed at O with its plane parallel to ZX plane. 
P, IS made up of the following parts 
(i) Momentum due to n molecules incident on both sides of the vane 
(u) Momentum duo to n(l — a) molecules diffusely leavmg the vane 
without any alteration of the incident velocity on both sides of the vane. 

(ill) Momentum duo to on molecules diffusely leaving either side with 
velocity C#. 

The effect 6f (lu) is clearly zero Regarding (ii) it can be shown by 
considering any smgle group of incident molecules that on leaving diffusely 
they impart a momentum perpendicular to the vane Further there is sym- 
metry about the ZX plane and therefore the net result is zero. 
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The experunenlal valuch obtained so far for a range from 1 to about 2 4 
The above results suggest that we have here a now experimental method 
111 investigating the accommodation coefficient 

Summary and Conclusion 

Using a suspended vane between a hot and a cold surface, a study has 
been made of thermal repulsion under ideal ’ convection-free ’ conditions. 
The depcndaiicc of the force on area, orientation and material of the vane, 
size of the gap, the position of the vane relative to the gap as also the nature 
of the gas has been studied. An explanation of the observed effects has 
been offered It has also been shown that the variation of thomial repulsion 
when the vane is parallel and perpendicular respecUvely offiars a new e«pen- 
menul method ol investigatmg the accommodation coefBcicnt 

In conclusion, the author desires to express his uidcbtedness to Ih:. L. A. 
Ramdas lor suggesting the problem and for his interest m the work. The 
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The author also wishes to place on record his thanks to Prof. M G. Mah^jan 
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DETERMINATION OF THE ELASTIC CONSTANTS 
OF ISOTROPIC MEDIA: A NEW METHOD 
By S. Bhaoavantam and B Ramachandra Rao 

(lyom Iht DtpanmcM of PhyilcB, Aiuihra Unherslly, Ountur) 

Received March 5, 1946 
1 Introduction 

The determination of the clastic constants of isotropic substances by 
dynamical methods has been the subject of investigation by several workers. 
In most of such methods, the material was used in the form of a rod and 
ultrasonic waves were transmitted through it by attaching a piezoelectric 
quartz to one of the ends. Rohrich* made a complete determination of the 
velocity of ultrasonic waves m steel, brass, copper, aluminium and glass. 
Hi» expenmenu were continued by Schoeneck* who investigated the elastic 
longitudinal vibrations in single crystals. 

More exact determinations of the elastic constants of transparent bodies 
were earned out by Schtefer and Bcrgmann.* In this method, both longi> 
tudinal and shear waves are excited and the corresponding diffracUon patterns 
observed The method has been extended also to opaque substances. 

It was recently observed^ in this laboratory that charactenstic thickness 
shear modes could also be transmitted through the crystal plates and com- 
municated to liquids m the form of consequential longitudinal strains This 
has suggested the possibility of exciting shear modes m thm plates of isotropic 
substances as well and detecting them by optical methods if they could simi- 
larly be communicated to a liquid 

2 Experimental Method anIj Observations 
Using a tourmaline wedge with a frequency range of 3 to 16 megacycles 
per second, the characteristic transmission frequencies of several plates of 
glass, steel, brass and platmum have been studied by the method of ultrasonic 
diffraction, the details of which have been described m earlier papers.* 
Plates of different sizes and of the same thickness have been exammed in 
each case with a view to see if the size has any effect on the intensity of the 
shear modes In order to avoid errors due to the mounting, the wedge is 
chosen to be a size smaller than the smallest of the specimens used. Both the 
longitudinal and sb^ar fundamental frequencies could easily be detected and 
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measuied in transmission if the plates chosen are sufficiently thin and small. 
The elastic constants Qi and C'«4 are then evaluated Using the well-known 
relations of transformation, the Young’s modulus y and the rigidity modulus 
n may be obtained for each material In the case of glass the values thus 
obtamed are compared with the values obtained by separate static expcn- 
ments on the same specimen in this laboratory. Comparison for the rest 
IS effected by taking the values from standard tables. It may bo noted here 
that practically all the substances showed an increase in intensity of shear 
modes with smaller areas of the specimen plates This supports our view 
that shear modes are communicated as corresponding longitudinal strams 
to the adjoining liquid due to a couplmg effect ansmg m these cases from the 
finite size of the plates The shear modes arc comparatively weak in soft 
metals like brass whereas they are very bright in glass and steel, sometimes 
bemg equal in intensity to the longitudinal ones. The fundamental frequencies 
of the longitudinal and shear modes and the calculated values of Q, and 
Cl* are given in Table I for different materials. 


Table 1 


Msterisl 

ThlckneM 

Fandameotal 

lonfptadinal 
mode Meg* 
cycles per 
second 

Fondsmental 
freqnency of 
torsion mode 
Megacycles 
per second 

Density 

Cu X to-'* 
dynesicm. ’ 

C„ X lO-io 
dynes/cmr* 

GIibs 

0<03 

3 2S 

1 40 

ge-os 

83 2 

17-0 


0 64 

4 SO 

2 60 

7 no2 

287 -0 

84-0 


0 68 

4 20 

1*745 

8 50 

203-0 

3S-0 

Hatlnoin 

0*16 

It-SO 

5 386 

20'99 

380-2 

Sl-I 


The values of y and n deduced from the above data along with the experi- 
mental static values of glass and the standard values taken from tables m 
the other cases are given in Table II 


Table II 



The mill is 10“ dynas pet cm.’ 
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3 DiscusaoN 

The smallest size of the plate used m the above investigation is 6 mm. 
square. The method is simple and sufficiently accurate, being particularly 
suitable for substances available only as small bits The possibility of m- 
vcstigating the elastic properties of precious metals, alloys and other such 
materials under varying physical conditions is obvious. The exact mechanism 
by which the shear mode in the plate is communicated as a longitudinal wave 
to the liquid medium is of theoretical interest and requires lo be further 
investigated Examination of plates of different sizes has shown that edge 
coupling of the plates is probably the cause 

4. Summary 

A new method of determining the Young’s modulus and the rigidity 
modulus of isotropic materials using ultrasonic frequenaes has been de- 
senbed. Results obtained with glass, steel, brass and platinum by such a 
method compare well with the standard values Only a small plate of about 
6 mm. square of the material is all that is required and hence the method is 
capabie of being utilized under varying physical conditions in respect of 
rate and precious specimens 
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OPTICAL ACTIVITY IN CRYSTALS: APPLICATION 
OF GROUP THEORY 
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(Commimicated by ProfS. Bhagavantam, rase) 

1 Introduction 

A PHENOMENOUXiiCAL description of all physical properties of crystals which 
can be represented by a tensor can be given by simple group theoretical 
methods. The number of independent constants needed to describe the 
photo-clastic, clastic and opUcal properties of each of the 32 crystal classes 
was thus derived by Bhagavantam (1942) Piezo-electncity was similarly 
dealt with by Bishambhar Dayal Saksena (1944), The author (1945) has 
independently extended the method to the cases of piezo-clectrwiiy and 
eloctro-optical Kerr effect. In this note, the case of optical activity is dealt 
with 

2 Optical Activity 

The scalar parameter g which represents the optical acUvity or rotation 
per unit thickness of the crysUl in the direction /, m. n, is given by 

g “ gii ^ + y*!"** + Sw "* + 2 rwi -1- 2 g,i nl + 2 g,, hn, 
where g,*(f, k « 1. 2, 3) are the components of the gyraUon tenior which is 
known to be symmetric These six components which describe the optical 
activity in the most general case of a triclinic crystal, reduce to a smaller 
number as other symmetry elements are introduced. It is an experimental 
fact that the roution of plane of polarization is independent of the sense 
of travel, but the rotation of plane of polarization changes sign by the appli- 
cation of a symmetry operation involving a reflection and remains unchanged 
by a mere rotation about any axis In order, therefore, to find the number of 
independmit constants required to speciiy the gyration tensor, we should 
find the number of mdepwident and orthogonal linear combinations of ga ’s 
which will transfonn under each symmetry operation characteristic of the 
crystal dass so as to remain mvanant if the symmetry operation is a pure 
rotation and change sign if the symmetry operation is a rotation-reflection. 
The character appropriate to the gyration tensor is the same as that used m 
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earlier references m respect of symmetric tensors of second order and Is 
4 cosV ± 2 cos By applying the well-known theorem for finding the 
number of combinations that will occur under the appropriate irreducible 
representation, we obtain 

where x,' (R) = 4 cos* ^ ± 2 cos ^ and x, (R) *= ± 1. 

according as R is a pure rotation or a rotation-reflection The summation 
extends over all the symmetry elements characteristic of the crystal class under 
investigation 

3 Results and Discussion 

Applying the above formula, it can immediately be seen that the 11 
classes with a centre of symmetry (Q, C,^. D*,,, D«,t, S», D*,/, Cm, Dm. 

T*. 0,0 exhibit no optical activity Of the remaining 21 classes, six more 
(Cfc. Cfc,, Cm, Dm. C^. do not show optical activity and the others have 
constants ranging from six to one The actual numbers are given below 
and in all cases, they agree with the numbers derived directly (Szivessy. 1928 , 
Wooster, 1938) 

Cl 6 

C, 4 

D, 3 

C,. C„ S«, D«, C„ D„ C„ D, 2 
Cfc,, Dm, T, O 1 

It is with great pleasure that the author offers his grateful thanks to 
Prof S. Bhagavantam for his kind encouragement 

4 Summary 


The group theoretical method given by Bhagavantam has been extended 
to derive the number of independent constants needed to describe optical 
activity in the 32 crystal classes 


BlusttvanUin, S. 
Saluena, B. P 
SuryaiMraywia, D. 
Saveny, Q. 
Woo»tor, W, A. 
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SULPHATE FROM AMMONIACAL SOLUTIONS OP 
COPPER SULPHATE 
By Arun K Dey and A K Bhattacharya 

{From the Depanmnt of ChtnAstry, UnlMrsliy of AUahabad) 
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The study of the cupric-aminincs has attracted the attention of a large number 
of workers, who have prepared and studied these compounds by vanous 
means. The existence of di-, tetra-, and penta-ammino compounds are 
well established In a recent communication Bhattacharya and Dey* have 
reported the existence of cupric hcxammino-sulphate as well m ammomacal 
solutions of copper sulphate and attempts for its isolation are being made 
When an aqueous solution of ammonium hydroxide is added to a solu- 
tion of cupric sulphate, cupric hydroxide precipitates first, which dissolves 
in excess of ammonia givmg a deep blue liquid called eau celeste Numerous 
studies have been made on this liquid Immerwahr* has suggested that m 
solution the Cu‘ ions get replaced by more complex cupre-ammino 
Cu (NH,),- ions Reychler* from freezmg point measurements found that 
the complex ions behave more or less m the same way as the Cu • • ions. 
Konowaloff,* Gaus,' and Locke and Forssall* by absorption and vapour 
pressure experiments found the compound to bo Cu(NHi)4S04 Dawson 
and McCrae’ determined the distribution ratio between water and chloroform 
and found the Cu NH, ratio to be 1 • 4 Horn* supported the existence 
of the tetra-anwuno compound and said that the Cu NHa ratio could never 
bo greater than 1 : 4 This result is, however, definitely contradicted by the 
existence of the now well-known pentammmo compound and of the hex- 
ammino compound as found by Dey and Bhattacharya In addition to the 
aforesaid workers, Blanchard* studied the blue liquid from viscosity data 
and Bouzat*® from thermal data and obtained the evidence of the existence 
of cupric teUammino sulphate in the solution. More recently Job“ by 
absorption spectra studies determined the composition and found that it 
corresponded to that of the tetramnuno compound Glasstone** by electro- 
metric titraUon of copper sulphate with aqueous ammonia obtained evidence 
of the presence of Cu(NH»)4 • ions. Bhatnagar. Goyle and Prasad** how- 
ever say that the blue colour of the cuprammino complex is due to coppor- 
hydroxide m colloidal form. 
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Quite a number of methods are known for the isolation of the amnmo- 
complexes from aqueous solution. Beraelius** recommended the addition 
of alcohol to an ammoniacal solution of copper sulphate when the com- 
pound separates out in pulverulent crystals. Bouzat** cooled a hot concen- 
trated solution of the salt and quickly dried the crystals between filter-papers. 
Andre'* prepared the salt by passing ammonia gas into a solution of copper 
sulphate. Horn and Taylor” and Dawson (toe. cit.) recommended this 
process. Pickering** obtained the compound by adding aqueous ammonia to 
an almost saturated solution of cupnc sulphate until the precipitate of cupric 
hydroxide just rcdissolved and allowmg the solution to stand for some tune 

The process of preparation m this study was that described by King ** 
The compound precipitated by alcohol was decomposed by caustic soda 
solution and the precipitated copper oxide filtered And estimated. The 
expelled ammonia was passed into a standard acid solution and ammonia 
thus estimated The Cu ; NH» ratio was found to be 1' 5 thus suggestmg the 
formula of the compound to be Cu (NHi)sSO|, and not Cu (NHi)4SO| as 
reported by previous workers. 

BSCPERIXENTAI. 

10 Orams of finely powdered pentahydrated cupnc sulphate (AR. 
quality) was dissolved in a mixture of lOc.c water and 15 c.c Merck’s 
ammonia solution (sp gr 0 888) To this well stured blue solution were 
added 15 cc of alcohol from a dropping funnel The ammino compound 
separated out as a dark blue crystalhne meal. This was filtered in a 
Buchner’s funnel, washed thoroughly with alcohol and kept m a desiccator 
over lime 

The ammonia present in the sohd was determined by the Kjeldahl’s 
distillation method and the copper was determined gravimetncalJy as copper 
oxide The following analytical values for the ratio of copper to ammonia 
were obtained : 
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On estimation of sulpihate, the ratio Cu SO, was found to bo 1 1 ; 
water of crystalbsation was found to bo absent It is evideut that the coni" 
pound obtained us has the formula Cu (NH])iS04 

The pentamimno compound as prepared by us smells of ammonia even 
at ordinary temperatures and it is evident that it slowly decomposes The 
surface layer of the salt gradually changes to bluish white even when the 
salt is preserved in a desiccator over lime The salt dissolves in water giving 
a deep blue solution, but hydrolyses on further addition of water and gives a 
precipitate of hydroxide When the deep blue solution is heated there is a 
brisk evolution of ammonia and a black deposit of cupric oxide is formed 


StmMARY AND Conclusion 
The compound precipitated by the addition of alcohol to an ammo- 
niacal solution of cupric sulphate was known to be cupric letrammino sul- 
phate. In this study this compound has been analysed and has been shown 
to be Cu (NH,),SO, 
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Of the possible flavoncs with the 5 6 7-arTangcment of hydroxyls m the 
benzopyrene part only two arc so far known to occur m nature either free 
or combined. They are baicalein and scutcllarein The latter was the first 
to be discovered and studied It was isolated by Molisch and Goldschmiedt* 
from the leaves and flowers of Sattelhria altisstma, it has also been found 
in the leaves and flowers of S balcalensis Its constitution was investigated 
by Goldschmiedt and Zeraer* who concluded that it should be either 
5:6;7;4'-(I) or 5 7 8 . 4'‘tetrahydroxy flavone (II) This was confirmed 
by the synthesis of Bargcllmi* who submitted pentaracthoxy-dibenzoyl- 
methane (III) to the action of hydnodic acid The reaction could proceed 
in two ways, but actually scutellarcin alone was obtained This synthesis, 
however, did not enable the choice to be made between the two alternatives 



OH 


The tnhydroxy flavone, baicalcin was obtained from the roots of 
S. balcalensis by Shibata, Iwata and Nakamura* and it has also been found 
to be present m the root and stem barks of Oroxylwn btdicum* It re. 
sembles scutellarein closely m its properties The substance had already 
been synthesised by Bargellini* following the method adopted by him for 
scutellarein. Of the two possible isomers only one was again obtained 
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and that was given the 5 6 . 7-constitution The mam point mentioned in 
favour of this was that the product was not identical with hydroxy-chrysin 
obtained by Nicrenstein* by the oxidation of chrysin and considered by him 
to be 5 : 7 • 8-trihydroxy flavonc Sinec Nierenstcin’s claun was later shown 
to bo wrong, this support lost its significance Hatton’ who later repeated 
the above synthesis of Bargellini was not able to confirm the older observa- 
tions regarding the exclusive formation ot scutcllarcin from the diketonc 
(HI). Similar results weie obtained by him even with regard to tlic baicalcin 
synthesis Consequendy the previous synthetic support tor the constitution 
of these compounds could not be consideied defirute 

Wesscly and Moser* attempted to supply more definite evidence for the 
constitution of scutcllarcin by the synthesis of 5 7 8 • 4'-tctrahydroxy 
flavone in an unambiguous manner. Foi this purpose 2 . 4-dihydroxy- 
3 . 6-dimethoxy acetophenone (IV) was heated with the anhydride and 
sodium salt of anisic acid according to the method of Allan and Robinson 
The product was, however, found to be a dimethyl ether of scutellarciu (V) 
and this extraordinary result was attributed to initial dcmcthylation in the 
ortho-posiuon of the ketonic group and subsequent ring closure favouring 
the 5.6- 7-arrangement Thus even m this method complications were 
found to exist In one of the large number of experiments, however, such 
dcmethylauon did not occur and the normal condensation product, 7- 
hydroxy-5 . 8 ‘ 4'-tnmetlioxy flavone (VI) was produced 



An unequivocal proof for the constitution of scutellarcin was pro>vided 
by Robinson and Schwarzenbath* who synthesised us teliamethyl ether by 
a novel method in which the 4-aminodenvative of the corresponding flavylium 
salt was an intermediate This method, however, involves the preparation of 
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aroyl-pynjvamidcs which are not easily accessible and hence has not been 
generally employed for the synthesis of flavones 

In view of the position reviewed above, a simple and at the same time 
unambiguous method of synthesis of the 5: 6: 7-hydroxyfl8vones seemed to 
be needed One such method which will also be useful for the study of the 
partial methyl ethers of baicalein and scutcllarcm has now been worked out 
The required ortho-hydroxy ketone has been prepared by an unambiguous 
method and converted into the flavones by adopting the BakcF-Venkata- 
raman“ procedure which is free from complicauons. The constitution of 
the products are therefore free from doubt and the work reported in this 
paper therefoic provides unequivocal confirmation of the constitutions of 
baicalein and scutellarein 

2-Hydroxy-4 5 • 6-tnmethoxyacctophcnone (IX) has now been prepared 
starling from phioroacctophenonc and passing through the stages indicated 
below Phloioacctophcnone is subjected to partial methylation using the 
requisite amounts of dimethyl sulphate and potassium carbonate The 
4:6-dimethyl ethei (VII) is obtained in good yield. This compound was 
originally made by Kostanccki and Tarnbor” by the partial dcmethylation of 
phloroacetophenone tnmethyl ether and was subsequently obtained by 
Canter, Curd and Robertson** alongwiththep-hydroxy isomer by the Hoesch 
condensauon of phloroglucinol dimethyl ether with acctomtrile 



OCH, 

(IX) 


Phloroacetophenone-dimethyl ether (VII) undergoes smooth oxidation 
with potossium persulphate in alkaline soluuon to give the 2 : 5-dihydroxy 
compound (Vm) m good yield. The constitution of this ketone is arrived 
at not only from analogy with a large number of similar cases*’, but is sup* 
ported by its reactions. This compound was obtained earlier by Mauthner** 
suiting from pyrogallol trimethyl ether and proceeding as indicated below; 
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OAc OH 

(VIII) 


The new method of preparation seems to be definitely better The 
final stage is partial methylation converting the dihydroxy ketone (VIII) 
into (IJ0 ‘* Its benzoyl and anisoyl denvauves (X) undergo rearrangement 
into the ortho-hydroxy diketones (XI) m the presence of sodamide m toluene 
solution and ring closure to the flavones (Xn) is effected by heating with 
glacial acetic aad and sodium acetate. Demethylation with boding hydriodic 
acid yields bakalein and scutellarein (XIIl) 



Scotenwelo R ” oil 


The hydroxy compounds and the methyl ethers have all the properties 
recorded for baicalein, scutellarein and their derivatives. The synttietic 
baicalem and its derivatives have been compered with samples obtained 
from Oroxylm ttidkum and found to be identHial The following important 
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points may be noted. Neither the hydroxy flavone nor their methyl ethers 
develop any fluorescence in alcohobc or concentrated sulphuric acid solution 
The two hydroxy compounds resemble each other in their reaction with 
alcoholic feme chloride, lead acetate and sodium amalgam and differ in their 
behaviour with sodium hydroxide. While baicalein yields rapidly bluish- 
green flocks on the addition of aqueous alkali, scutellarein dissolves to give 
a greenish yellow solution which rapidly turns deep green. 

EXPBMMBNTAt 

2‘Hydroxy-A 6-dimethoxyacetophenone (Vn).«— Phloraoetophcnonc (4 2 
g) dried in an air-oven at 120°, Was dissolved in dry acetone (I See.), to 
the clear solution was added dry benzene (75 c c ), freshly ignited potassium 
carbonate (15 g) and dimethyl sulphate (6-Sg., 2 2mol8) and the mixture 
refluxed on the water-bath for 12 hours with occasional shaking The in- 
organic salts Were then filtered and washed with hot benzene The filtrate 
was washed twice with water, (20c c ) each time, and then extracted with 5% 
aqueous sodium hydroxide four times. The united alkaJme extract was 
poured into icc-cold dilute hydrochloric acid when 2-hydroxy-4 6-dimethoxy 
acetophenone was precipitated as a practically colourless crystalline mass 
It was filtered and thoroughly macerated with 5% aqueous sodium carbonate 
to remove any monomethyl ether that might have been formed, and agam 
filtered and washed well with water (The filtrate did not yield any crysialline 
solid on acidification) Yield, 3-2g On crystallisation from dilute alcohol 
it was obtained as colourless irregular prisms melting at 82-83° (Canter. 
Curd and Robertson'® give m.p 81-82°) It dissolved in aqueous alkali to 
an yellow solution and gave a brownish-red ferric reaction in alcoholic 
solution 

The substance (0 5g) was acetylated by heating with acetic anhydride 
(5c c) and freshly fused sodium acetate (1 Og) on the boiling water-bath 
for two hours The acetyl denvative crystallised from ethyi acetate as stout 
ihombic prisms and melted at 106-107° (Canter, Curd and Robertson** give 
mp 106-7°) 

2 . 5-Dihydroxy-A 6-dfmethoxy-acetophcnone (VIIl) — 2-Hydroxy-4 6-di- 
methoxy-acetophenone (15 g) was dissolved in aqueous sodium hydroxide 
(20 g in 200 c c of water), the solution cooled to a temperature of 15-20° 
and kept continuously stirred. A solution of potassium persulphate (22 g. ; 
1-1 mol.) in water (300 c.c.) was then mtroduced dropwisc during the course 
of 4 hours, the temperature being maintained at 15-20° throughout the 
reaction, After allowing to stand for ?4 hours, the dgik reddish-brown 
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reaction mixture was rendered distinctly acid to litmus by the addition of con- 
centrated hydrochloric acid The unreacted original ketone wlucb was pre- 
cipitated as a dark brown crystallme solid, was filtered and washed with a 
small quantity of water. The clear aqueous filtrate was treated with sodium 
sulphite (5 g ) and animal charcoal (3 g ) and again filtered after sUmng well 
for about 5-10 minutes. Concentrated hydrochloric acid (150 c.c) Was 
then added and the solution heated on the boiling water-bath for i hour. 
On cooling it rapidly deposited a brownish yellow crystalline mass whidi 
was collected, and washed With water Yield, 5 g The filtrate was twice 
extracted with ether and the solvent disulled when a further quantity (1 g.) 
of the dihydroxy-compound was obtained If the solution should be heated 
on the Water-bath for a longer duration (1 hour) for the hydrolysis, the pro- 
duct obtained was very deep brown in colour and was difficult to purify. 
When twice crystallised from aqueous alcohol using animal charcoal the 
substance was obtained as stout yellow rhombic prisms melting at 164-65“ 
(Mauthner‘‘ gives m.p 162-63*) It was moderately soluble in hot water, 
more so ui alcohol and acetone, but sparingly soluble in light petroleum 
Its solution in aqueous sodium hydroxide was bright yellow and turned 
deep reddish-brown on keeping. In alcoholic solution the substance gave 
a transient green colouration With ferric chloride which rapidly became reddish- 
brown either on keeping or on the addition of a slight excess of the reagent. 
No precipitate was obtained with lead acetate in alcoholic solution. (Found: 
C, 56-8; H, 5 4, Ci*HiA requires C, 56-6; H. 5 7% ) 

2- 5-Dtbenzoyloxy-A- Mimethoxy acetophenone —Dry pyridme (See) 
and benzoyl chloride (l -5g) were added to the above ^hydroxy aceto- 
irfienone (1 0 g ) and the mixture heated on the boiling water-bath for 20 
minutes. It was added to ice-cold Water containmg a few c c of hydro- 
chloric acid and the precipiUted brown solid collected, washed with water 
and crystallised twice from alcohol in which it was moderately soluble The 
dibenzoate was thus obtained as colourless thick aggregates of micaceous 
plates and it melted at 153-54°. The substance did not dissolve in cold 
aqueous alkali and gave no colour with feme chloride in alcoholic solution 
(Found: C. 68-4, H, 5 1; requires C. 68 6; H. 4 8%) 

2‘Hydroxy-A:5:6-trimethoxy acetophenone (IX).— The 2 ■ 3-dihydroxy- 
compound (2 g ) was dissolved in a mixture of dry acetone (10 c c ) and dry 
bft i rene (75 c.c.) and to this solution were added acid-free dimethyl sulphate 
(lo.c.; Mmol) and freshly ignited potassium carbonate (6g,). The 
muture was heat^ under reflux for 12 hours, the inorganic salts filtered and 
fiadied Y^th g small (quantity of hot benzene The benzene filtrate was 
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washed with 5% aqueous sodium carbonate in order to remove any un- 
methylated dihydroxy-compound and then extracted with 10% aqueous 
sodium hydroxide. The united alkaline extracts were acidified With we- 
cold (1:1) hydrochloric acid when the partially methylated ether was ob- 
tained as a reiWish-brown oil. It was taken m ether, the ether solution dried 
over sodium sulphate and the solvent distilled The residue was then 
treated with light petroleum (b p 40-60*) when the last traces of unchanged 
dihydroxy compound were precipitated After allowing to stand for an 
hour, the petroleum ether solution was carefully decanted and the solvent 
was distilled off; 2-hydroxy-4; 5- 6-tnmcthoxy acetophenone was left behind 
as an yellow oil Yield, 1-5 g It dissolved in aqueous sodium hydroxide 
to an yellow solution and gave a deep violet brown colour with ferric chloride 
in alctffiohc solution {cf Baker'*) 

2~Benzoyhxy-A 5 (>-trimethoxy acetophenone {X, R- ff)—The above 
compound (2g) was dissolved in dry pyridine (10c c) and treated with 
benzoyl chloride (1 5 c c ) After shaking well for five minutes, the mixture 
was heated on the water-bath for i hour and then added to ice-water con- 
taining hydrochlonc acid. The benzoyl derivative which separated as an 
oil was taken in ether, the ether solution washed successively with dilute 
hydrochlonc acid, and aqueous sodium hydroxide After a final washing 
with water, the solution was dried over calcium chlonde and the solvent 
distilled The solid product was crystalhsed first from alcohol, then from 
benzene and finally from benzene-alcohol mixture The benzoyl denvative 
was thus obteined as broad rectangular plates and pnsms and melted at 
87-88®. Yield, 2g The substance gave no ferric reaction and did not 
dissolve in cold aqueous alkali (Found: C, 65 6, H, 5 8, 
requires C, 65- 5, H, 5 5%) 

2-Hydroxy-4: 5 6-trimethoxydibenzoylmethane (XI. R = W)— To a solu- 
tion of the above benzoyl derivative (2 g.) in dry toluene (30 c c 1 was added 
sodamide (8 g ) Which had been finely powdered under toluene. The mixture 
was well stirred for 10 mmutes and then heated on the boiling water-bath 
for 4 hours With frequent shaking. The yellow solid product was filtered, 
washed well with hot benzene, dried and carefully added to ice-cold water. 
The resulting yellow solution was filtered and saturated with carbon 
dioxide The dibenzoylmethane separated as a deep orange-red oil which 
turned into a deep-yellow solid vrtien left in the refrigerator for two days. 
It was collected, w^ed with water, dried and crystalhsed from benzene, 
light petroleum mixture; Yield, 1 2g. After a second crystallisation 
from the same solvent the diketone was obtained as goldea yellow rectangtilw 
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plates and prisms and melted at 99-100“. It was easily soluble in alcohol, 
acetone and benzene and dissolved in aqueous sodium hydroxide to a bright 
yellow solution. Ite alcoholic solution gave a deep brownish-green colour 
widi feme chloride. (Found: C, 65 3; H, 5 8, CuHisO* requives C, 
65 5; H. 5-5%) 

5-6-1-Trlmethoxy-ftarone (Baualein trtmethyl ether, XII, R ^ H)-~ 
The dibenzoylmethane (I g) was dissolved in glacial acetic acid (10 cc.) 
and to the solution was added fused sodium acetate (2 g ). The mixture 
was gently boiled over a wire-gauze for 4 hours and then diluted with water 
(100c c) When allowed to stand for two or three hours, the solution de- 
posited a practically colourless crystalline solid which was collected, washed, 
and crystallised from aqueous alcohol Yield, 0 6 g On recrystaUisation 
from dilute alcohol the tnmethoxyflavone was obtained as colourless elonga- 
ted rectangular prisms (mostly rods) and melted at 165-66“ (Hatton's 
gives m.p. 163-64“) It was insoluble in aqueous sodium hydroxide and 
gave no colour with feme chloride. Its solution m concentrated sulphuric 
acid was yellow without any fluorescence in daylight With magnesium 
and concentrated hydrochloric acid its alcoholic solution developed an 
orange-yellow colour. (Found C, 69 1; H, 4-9, C,|H,|0| requires C, 
69 2, H, 5 1%) 

5 : 6 1-Trihydroxyflavone (Baicalem, XIII, R <= H) ‘—The foregoing 
methoxy flavonc (0 3g.) was dissolved in acetic anhydride (5c.c.) and 
cautiously treated with hydriodic acid (d. I ‘7; 5 c c.) and the mixture heated 
at 135-40’ for two hours (oil-bath). On pourmg the cooled rcacuon mixture 
into water saturated with sulphur dioxide, the trihydroxy flavone separated 
as an yellow solid, which was collected, boiled with water and crystallised 
twice from alcohol. It formed yellow coloured narrow rectangular plates 
and melted at 264-65“ (Shibata, Iwata and Nakamura* give m.p. 264-65’). 

The trihydroxy flavone was moderately soluble m alcohol, more so in 
acetone and glacial acetic acid, but sparingly soluble in petroleum ether. 
Its solution in concentrated sulphuric acid was deep yellow and exhibited 
no fluorescence. In alcoholic solution it gave an orange-yellow precipitate 
with lead acetate, and a brown colour with a tinge of green with ferric 
chloride. When gdded to aqueous ammonia, the crystals developed an 
orange-red colour and dissolved to give a bright-yellow solution, Tbe 
flavone dissolved with difficulty m aqueous sodium carbonate to a greenish- 
yellow solution which gave a dark greenish-Ivown precqntate on Iteeping. 
In 10% aqueous sodium hydroxide the crystals turned deep red m colour 
gnd subsequently changed into greenish-brown flocks. treated with 
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sodium amalgam in absolute alcohol, it immediately gave greeo flocks 
(Bargellmi’s test). (Found: C, 66 6, H, 4 0; requires C, 66-7; 

H, 3 -7%.) 

Baicalein triacetate.~-The triacetate was prepared by treaung the 
flavone (0-1 g.) with acetic anhydride (5 c.c ) and fused sodium acetate (1 g ) 
and boiling the mixture for two hours When crystallised twice from ethyl 
acetate, it was obtained as short, colourless rectangular rods and it melted 
at 194-95° With slight sintering at 190° (Shibata, Iwata and Nakamura* give 
m.p. 191-92°). 

2 - Anisoyhxy - 4 • 5 • 6 - trtmethoxyacetophenone (X, R = OCH^.-l- 
Hydroxy-4- 5; 6-uimethoxyacetophenone (IX) (2g) was anisoylated by 
heating with anisoyl chloride (2 c.c ) and dry pyndinc (10 c c ), for i hour on 
the boiling water-bath and the product worked up as in the case of the 
benzoyl derivative. The colourless crystalline solid, obtained on removal 
of the ether, was crystallised from alcohol, benzene and finally from 
benzene-light petroleum mixture. The anisatc was thus obtamed as 
(colourless) stout prisms and it melted at 112-13° It did not dissolve in 
cold aqueous sodium hydroxide and gave no feme reaction. (Found : 
C, 63-3; H, 5-2; Ci,H»0, requires C 63 3, H, 5 6%) 

l-HyiroxyA' 5:6:4'-tetfamethoxydibemoyhntthane {XI. R - — 

A solution of the above 0-anisoyl denvative (2g) in dry toluene (30c.c.l 
was treated with finely powdered sodamide (8 g I The mixture which rapidly 
turned yellow was heated on the boilmg water-bath for 5 hours and the 
yellow solid collected, washed with hot benzene, dried and added to ice- 
wat;r. The yellow solution was saturatxl with carbon dioxide and the 
dibenzoylmethane which first separated as ur. oil, soUdified on leaving in the 
refrigerator for two days The solid was then collected, dried and crystallised 
from benzene-light petroleum mixture when it was obtained as bright yellow 
rectangular pnsms melting at 114 15°. Yield, I 2g. It was readily 
soluble in alcohol, acetone and benzene but less so in petroleum ether. It 
dissolved in aqueous alkali to give a bright yellow solution and gave an olive 
green colour with feme chloride in alcoholic solution. (Found; C, 63-5; 
H, 5 9; requires C, 63 3: H. 5-6%.) 

5.6- 7- 4'-THrametho'<cy fla\<me {ScuteUaretn telramethyl ether {Xll, 
R^OCH^—\ mixture of the above dibenzoylmethare (Ig), glacial 
acetic acid (lOcc.I and fused sodium acetate (2g) was gently boiled for 
4 hours and diluted with water (100 c.c.) The aqueous solutkm was 
extracted with ether and the ether solution carefiilly shaken with 5% aqueous 
sodiuin oarbonate (o remoye gcetic apid qnd (hen i^afhed with water- 
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distinatiag off the solvent, a colourieas crystalline solid was obtained which 
was recrystallised from dilute alcohol. Yielj, 0’8 g Tt was readily soluble 
in the common organic solvents and on recrystallisation from a^eota 
alcohol, scutellarein tetramethylether was obtained as colourless stout 
cubical crystals and melted at 162-63“ (Goldschmiedt and Zcri,cr* give 
m.p 158-60“). It was imoluble in aqueous alkali and gave no colour with 
ferric chlonde in alcoholic soluuon. It dissolved in concentrated sulphuric 
acid to give an yellow solution which exhibited no fluorescence, (Found m a 
sample dried in vacuo at 130“ for two hours; C, 66 8; H, 5 5, C^aHitQi 
requires C. 66 7. H, 5-3%) 

5.6:7' A'-Tetra-hydroxy flavone (Scutellarein, XIII, R ^ OH )^ — The 
dcmethylation of the tetramethoxy flavone (0 2 g.) was effected by heating 
(oil-bath) at 135-40“ with acetic anhydride (5cc) and hydnodic acid 
(rf, 1 7; 5cc) The tetrahydroxy flavone was twice crystallised from 
alcohol when it was obtained aa short, yellow needles Yield, 0 15g It 
turned brovm at about 300“ and did not melt down below 340“ (Goldschmiedt 
and Zemer’ found that it becomes dark at about 300“ and does not melt or 
decompose below 330“). The substance dissolved in alcohol, acetone and 
ethyl acetate with difficulty but more readily in glacial acetic acid lu solu- 
tion m concentrated sulfuric acid was yellow without any fluorescence 
With lead acetate in alcoholic solution it gave an orange yellow precipitate 
and with feme chloride it developed a green colour which turned brown 
with a tinge of green The substance dissolved in ammonia to give a bright 
yellow solution which subsequntly turned orange-brown; in aqueous 
sodium carbonate it gave an yellow colour which rapidly turned green In 
aqueous sodium hydroxide it formed a deep greenish-yellow solution which 
immediately became pure green in colour, no precipitate was obtained even 
on keeping the solution for 24 hours When the substance was treated with 
sodium amalgam in absolute alcohol, there was an immediate formation of 
green flocks (Bargelhni’s test) (Found- C. 63 0; H, 3 8, C„H„0, requires 
C,62'9; H, 3-5%) 

Scutellarein tetraacetate —The telraaceUte prepared by heating (oil- 
bath) the hydroxy flavone (0- 1 g ) with acetic anhydride (5 c c ) and fused 
sodium acetate (1 g) was crystallised twice from acetic acid-alcohol mixture 
It was obtained as long fine needles and melted at 240-41“ (Goldschmiedt 
and Zemer* give m p. 235-37“, Wessely and Moser* give m p 238“) 
Summary 

A simple and at the same time unambiguous method of synthesis of the 
5:6:7-hydroxyflavone8, baicalein and scutellarein and their dcrivahves ij 
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dcscnbed. It startt from ^loracetopbenonc whicb is partially methylated 
to the 4.Mimethyl ether. Oxidation of this ether with potassium per- 
sulphate yields the 2 :5-dihydcoxy compound which on partial roethylatior 
produces 2-hydroxy-4 : 5 . 6-triniethoxyacetophenonc. Using the benzoyl lud 
anisoyl derivatives of this ketone and adopting the Baker-Venkataraman 
procedure, the tnmethyl ether of baicalein and ihe tetramethyl ether of 
scutellarein have been prepared and from them the hydroxyflavones and 
their acetates. 
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In continuation of the work described in Part I,* an attempt has been made 
to prepare partially methylated derivatives of baicalcin and scutcllarcin For 
this purpose 2 : 5-dihydroxy-4 : 6-dimethoxy acetophenone (I) is subjected to 
the AHan-Robinson condensation using the anhydride and sodium salt of 
(1) benzoic acid and of (2) anisic acid. In the first case the product is 5 7- 
dimethoxy-6-hydroxyflavone (IH On mcthylation it yields 5.6.7-tri- 
methoxy flavone, baicalcm-trimcthyl ether, identical with the sample pre- 
pared by the Bakcr-Venkataraman method * Partial dcmethylation could 
be effected using aluminium chloride under mild conditions yielding 
7-fflethoxy-5.6-dihydroxyfla\onc (baicaleln-7-methyl ether ITI) 
o 


( 1 ) ( 11 ) 

In Its properties and reactions it is markedly differcni from oioxylin-A* 
which IS considered to be the 6-racthyl ether of baicalein The mixed melting 
point with a sample of the latter obtained from the root bark of Oroxyhan 
Micum is depressed. The companson is brought out m the followuig 
table. 


Appesnnee 
M.p. of Hi« loUilanc* 

Alcoboiic FeCI, 

An. 

M« Anslfuii 

•“ ■ 273 
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o 


(IV) 


..o-ZY^-O— ■ 

HO-l^ Jl- COC.II «OC H, 


The condensation of the above dihydroxy ketone (I) with anisic an- 
hydride and sodium anisate gives rise to two products which could be sepa- 
rated by fractional crystallisation from alcohol The less soluble compo- 
nent Is a dimethyl ether whose colour reactions are very similar to those of 
the 7-methyl ether of beicalein. On mcthylation it yields the tetra-melhyl 
ether of scutellarein and hence it is considered to be the 7 4'-dimcfhyl ether 
of scutellarein (IVl Its formation should be due to partial dcmethylation 
taking place during the Allan-Robmson condensation Such dcmethylation 
has been noted in many other similar cases 

The second product obtained in very poor yields resembles in its re- 
actions 5: 7-<limethoxy-6-hydroxyflavone (11), Its methyl ether is. however, 
different from scutellarein tetramethyl ether. Hence it is not 5 7 . 4’-tctra- 
mcthoxy-6-hydroxyflavonc The analytical results agree with the require- 
ments for the 3-anisoyl derivative (V) 

The above mentioned 7 4'-Jimcthyl ether of scutellarein is different in 
Its properties from the isomeric 6. 4'-dimethyl ether prepared by Wessely 
and Moser* and considered to be identical with the dimethyl ether occurring 
in the flowers of Umria rulearis* The differences arc shown below. 



7 S'-aimeUiyl nther o( •cnlnllnreln 

6 4'-diinethyl ether 

Appcarnce 

MalUng point .1 

Aq. NtOlI 

yollow recUngnlw plains 

Ill-W 

Slowly formn a grtanlah yellow 
aolntlon aod a greenish brown I 
precipitate U depoelteS 1 

Fine yellow needles 

aoi*. 119* 

1 Yellow solnllon 

1 Park brown 


yeCI, raaclion 

Stable green 

Experimental 


i- l-Dlmethoxy-Mtydroxyflawtte (II) — 2 . 5-Dihydroxy-4 : Wimethoxy- 
acetophenone (1 g.), benzoic anhydride (5 g ) and sodium benzoate (2 g ) 
wen intimately mixed and heated under diminished pressure at 180-85“ 
(oil-bath) for 4 hours After cooling, the hard brown mass was broken up, 
alcohol (50 c c ) added and the mixture refluxed on the water-bath for 10 
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nudutes. A solution of potassium hydroxide (4 g ) m water (6 c c ) was tlw 
gradually introduced during the course of 15 minutes and the refluxing 
continued for a further 20 minutes After distilling the alcohol under 
reduced pressure, the grccnish-brown residue was dissolved in water (100 c.c.) 
and the solution filtered to remove any insoluble matter. On saturating it 
with carbon dioxide, the crude flavone separated as a brown solid which was 
filtered and crystallised twice from alcohol (animal charcoal) Yield 0 2 g 
By another crysUlhsation from the same solvent, the dimethoxyflavonc was 
obtained as pale yellow thick cubical crystals whereas it came down as hne 
needles when quickly crystallised It melted at 212-13° and a fuithcr 
crystallisation did not raise the melting point. 

It was moderately soluble in alcohol and more easily in acetone 
and glacial acetic acid It dissolved in aqueous sodium hydroxide to give 
a bright a yellow solution In alcoholic solution it gave a weak brown 
colouration with ferric chloride and its solution in concentrated sulphuric 
acid was yellow without any fluorescence in daylight (Found' C, 68 6; 
H. 4'9; CpHuO* requires C, 68 5, H, 4 7%) 

The substance (0 1 g ) was acetylated by refluxing (oil-bath) with acetic 
anhydride (5 c c ) and fused sodium acetate (I g.) for 3 hours. The acetate 
was crystallised from dilute acetic acid when it was obtained as colourless 
stout plates melting at 218‘19° It did not dissolve m cold aqueous alkali 
and gave no feme reaction (Found C 66 9; H, 4-9; C|»HnO» requires 
C,67'l, H. 4 7%) 

5.6.1-Trimethoxyflavone {Baicalem trimethyl e/Aer)~The dimethoxy 
flavone (0'15g) was methylated in dry acetone (25cc) using anhydrous 
potassium carbonate (2g) and dimethyl sulphate (I c.c) and boiling for 
12 hours The crude methyl ether separated as a practically colourless 
crystalline solid and it crystollised from dilute alcohol as colourless elongated 
rectangular pnsms, melUng at 165-66° It was identical with baicalein 
trimcthyl ether already reported* and the mixed melUng point was undepressed. 
(Found- C. 68-9; H, 5-4; C,,H„0, requires C, 69 2 H. 5 1%.) 

1-Methoxy-y O-dihydroxyflavone {1-O-methyl baicalein) —The partial 
donethylation of the above dimethyl ether (11) had to be efifected under 
carefully controlled conditions Excess of aluminium chlonde and high 
temperature resulted in the reaction going too far producing baicalein. 

To a solution of the dimetboxyflavone (0-25 g ) in nitrobenzene (23 c.c.) 
was finely powdered anhydrous aluminium chloride (0-5g.) and the 

mixture kept at the laboratory temperature for 24 hours. On the addition of 
petroleum ether, a yellow solid was precipitated, which was collected and 
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washed with a fiirthtf qjuantity of petroleum ether to remove adhering nitro- 
benzene The solid was added to water (50c c) containing concentrated 
hydiochlonc acid {2o.c) and glacial aoctK acid (5c.c.) and the mixtuTe 
heated on the boiling water-bath for 15 minutes The solution was then 
cooled and further diluted with water when the 7-methyl ether separated as 
an yellow crystalline solid It was filtered, washed and crystallised twice 
from alcohol. Yield 015g. On recrystallisation from absolute alcohol, 
It was obtained as thick rhombohedral prisms and melted at 219-20°. The 
melting point was depressed on admixture with an equal quantity of 
oroxyhn-A The dihydroxyflavone was moderately soluble in alcohol and 
acetone, and gave a stable green colouration with ferric chloride in alcoholic 
solution With aqueous sodium hydroxide the crystals developed an orange- 
red colour and then changed into a dark greenish-brown precipitate On 
treatment with sodium amalgum m absolute alcohol (Bargelluu’a test), the 
dihydroxyflavone gave an orange yellow solution which rapidly changed 
throu^ green to blue m colour ; a brown precipitate was obtained after 
some time With lead acetate m alcoholic solution it gave an orange yellow 
precipitate The yellow solution in concentrated sulphuric acid exhibited 
no fluorescence. (Found: C, <i7*5; H, 4-4; OCHj, 10 3; C|«H||0| 
requires C, 67 6; H, 4 3, OCHj, 10 9% ) 

The dihydroxyflavone (0-1 g) was acetylatcd by refluxing (oil-bath) 
with acetio aidiydride (5cc.) and sodium acetate (1 g.) for two hours The 
diocetate was crystallised twice from ethyl acetate when it was obtained as 
shining elongated hexagonal plates melting at 239-40° (Found : C, 65 1 , 
H, 4 6; requires C, 65 2, H, 4-3% ) 

5'. 6-Dihydroxy-l : A'-dimeihoxyflavone {1 A'-O-dimethyl xulellarun) — 
An mtunate mixture of the dihydroxyacetophcnonc (I, 2 g.). anisic anhydride 
(12 g.) and sodium anisate (4g) was heated under diminished pressure at 
180-85* (oil-bath) for 6 hours The hydrolysis was effected 1^ refluxing 
with alcohol (100 c.c.) and a solution of potassium hydroxide (10 g.) in water 
(10c.c.) and the product worked up in tbc usual manner. The crude pro- 
duct obtained on saturating the alkaline solution with carbon dioxide was 
flltored and washed with water. Yield, 0-25 g It gave two fracUons oft 
crystallisation from alcohol. When the hot akxAoUc solution was cooled, 
a sparingly soluble yellow solid first separated. It was collected and 
crystallised twice from the same solvent when 5 : 6-dihydroxy*7 : 4'-dimethoxy- 
flavone was obtained as yeliow rectangular plates, melting at 211<-13° with 
sintering at 208°. Yield, 0-15g. Further crystallisation did not raise the 
melting pomt. The substance was moderately soluble in aoettme but not to 
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i«KliJy in uloohol Its solution in concentrated sulphuric acid was yellow 
and edJibitcd no Buorcsconce. In alcoholic solution it gave a sUblc green 
colooratton with feme chloride. When treated with dilute aqueous sodium 
hydroxide, the substance first became orange-red, then turned into greenish- 
blue flakes and dissolved to give a greenish-yellow solution ; oo allowing to 
stand, a greenish-brown piecipitate wjs subsequently deposited. (Found: 
C, 65 0; H, 4-7; OCHa, 19 0, C,7H„05 requires C 65 0, H, 4 5; OCH,, 
19 r/..) 

The dihydroxyflavone (0 1 g ) was methylated using dry acetone (30 c c.), 
anhydrous potassium carbonate (Ig) aud acid-frcc dimethyl sulphate 
(O-Sc-c.) The methyl ether was crystallised from dilute alcohol when it 
was obtamed as colourless stout cubical crystals melting at 161-62° and 
identical with scutellarein tetramethyl ether 

5.7: A'-trimethoxy-(fhydroxy-‘i-antsoyl~flavone — The alcoholic mother- 
liquor obtained after filtering off the above compound, was concentrated 
and allowed to cool A pale gieenish-yeliow solid sepaiated which after 
two crystallisations from dilute alcohol came out as pale yellow narrow 
rectangular plates and melted at 224-26° Yield, 75 mg It dissolved in 
aqueous sodium hydroxide to give an yellow solution Its solution in 
alcohol gave a weak brown colouration with ferric chloride (Found : C, 
67-7; H, 4 9; OCH„ 26 4, CgiHatO, requires C. 67 5. H, 4 7; OCHg, 
26-8%) 

Summary 

Employing 2 : 5-dihydroxy-4 6-dimcihoxyacctophenone and the Allan- 
Robinson method, the 5 : 7-dimethyl etlicr of baicaJcin is obtained and from 
It by partial demcthylation the 7-mcthyl ether. This is definitely different 
from oroxyhn-A, The use of anisic anhydride m the above condensation 
yields two products, (1) 7 : 4'-dimcthyl ether of scutellarein and (2) 5:7; 4'- 
tnmcthyl ether of 3-ani8oyl-scutellarcin The former is different from the 
674'“dimethyl ether obtained from natural sources. 
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Examinino the rcdcuvity of natural colouring matters derived from phloro* 
glucinol towards diaro salts, A G Perkin* found that chrysin, apigaun, 
euxanthonc and catechin pave dlnio dyes Mahal and one of us* have 
shown that 6-hydroxyflavonc (I) couples with diazotised p-nitranilme to 
form a mono-azo dye. formulated as (II) in view of the stabiltsaUon of one 
of the Kekulc forms of the benzene ring in chromone due to fusion with the 
y-pyronc ring, as indicated in (1) It was suggested*- * that a route to the 
synthesis of 5 . dKlihydroxyflavone (III) thus becomes possible. We have 
now confirmed that 6-hydroxyflavone couples with diazo salts in the 5^i- 
tion, and have synthesised 5 : d-dihydroxyflavone by a method which pro- 
mises to be of value for the synthesis of other di- and polybydroxyflavones 
and fldvonols 
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Coupling diazobeflzcne chloride uith 6-hydroxyflavone (T), dissolved 
in aJcohol-pyridine with the addition of ammonia, a nearly quantitaUve 
yield of 5-benzeneazo-6-hydroxyflavone (IV) was obtained 6-Hydroxy- 
flavone is sparingly soluble in aqueous causuc soda, and the sodium salt 
tend* to separate at the low temperature necessary for couplmg. although 
diaitotised p-nitramlmc on account of its greater coupling energy in com- 
parison with diazobenzene chloride couples readily with the flavonc even 
under these conditions. The dye (IV) was reduced to 5-aniino-6-hydroxy- . 
flavonc (V) by means of zinc dust in boiling acetic acid. Other reagents for 
this reduction, as well as the hydrosulphitc reducUon of the alkali-soluble 
azo dye obtained by coupling diazoti$«l sulphanilic acid with 6-hydroxy- 



(V) (VI) (VII) 

flavone, were tried, but various difficulties were encountered m the isolation 
of the ammohydroxyflavone ; and the zinc-acetn. acid procedure was found 
to be die most suitable 

When the amine (V) was dissolved in hydrochloric acid and treated 
with sodium nitrite, the brownish yellow product crystallised from alcohol 
m needles, which were insoluble in aqueous alkali, gave a yellow solution m 
concentrated sulphuric acid, gave no colouration with ferric chloride and 
decomposed on heaung at about 1 73' From these reactions and the nitrogen 
content, the substance is regarded as the diazo oxide (VI).* Boiled with 50% 
Buipbunc acid, the diazo oxide (VI) underwent hydrolysis, and gave a di- 
hydroxyflavone, which agreed m all its properties, including the m.p of the 
diacetyl derivative, with the 5:6- (III), and not with the 6:7-isomcr (VII) 

6 ; 7-Dihydroxyflavone (VII) has been synthesised by Chadha and one of 
us* by the Robinson reaction on 2 4: S-trihydroxyacetophenone; and 
5: 6-dihydroxyflavone by Baker* by the action of sodamidc’ on 2-benzoyloxy- 
5 • 6-dimethoxyaoetophenone. followed by cyclicisation and Jemethylation. 
Nakazawa* has synthesised 5 : 6-dihydroxyflavone by a route very similar 
to Baker’s ; 2-hydroxy-6-metboxyacetopbenonc was oxidised to 2:5- 
dihydroxy-6-methoxyacetophenonc, the dibwizoate of which was converted 
to the /}-diketone by the sodamidc method^ cychcisauon and hydrolysis 
gave 5-methoxy-6-hydroxyflavonc, which was demothylated* by means of 
aluminium chloride in nitrobenzene to 5 : 6^ihydrox;^avone (III) 
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EXPeRiMBNTAI. 

S-Benzeneazo-&hydroxyfiawne (IV) —A solution of diazobcnzcnc chlo- 
ride. prepared from 'aniline (2g.; 2 5 mol), concentrated hydrochloric acid 
(6cc). alcohol (30c.c) and sodium nitrite (1 8g. in 10 cc water), was 
gradually added at 0“ to a solution of 6-hydroxyflavone (2 g ) in alcohol 
(SOcc), pyridine (14c.c) and ammonia (d. 0-88, 2cc) During addition 
of the diazo solution and for six hours thereafter, the mixture \Vas mecha- 
nically stirred and maintained at O-S® On leaving overnight, the dark red 
precipitate was collected, boiled with hot 50% hydrochloric acid for a few 
minutes, filtered, washed, and crystallised from alcohol. The dark red, 
elongated plates (2 g) melted at 191-92® (Found: N, 8'4. CtiHiiOaN, 
requires N, 8 2% ) 

5-AmlHO-&hydfOxyJiavone (V)‘-5-Bcnzeneazo-fr-hydroxyflavone (1 g) 
was dissolved in boilmg acetic acid (30 cc), and to the boiling soluUon zinc 
dust (2 g ) was added in small lots and the reaction mixture refluxed for 20 
minutes The deep red solution became brown in colour. Zme dust 
(0 5 g ) was added, and the solution refluxed for 20 minutes longer The 
soludon was filtered and the zinc dust extracted thrice with 5c c portions 
of hot acetic acid The filtrate was cooled, diluted with water and allowed 
to stand m the refrigerator The yellowish brown precipitate was filtered, 
washed with water, sucked dry, and dissolved in hot alcohol (Norit) The 
filtered alcoholic solution was diluted with water and allowed to stand m the 
refngcrator. The orange-brown clusters of needles were collected and dned 
In vacuo. The substance (0 5g) melted at 235° after shrinking at 200° 
(Found: N. 5-7 C„H„OjN requires N, 5 5%) The brown alcoholic 
solution turns dark greenish brown on the addition of feme chloride. The 
substance dissolves in caustic soda giving an orange brown colour It gives 
a pale brown colour with concentrated sulphuric acid. It gradually goes 
into a pale brown solution by boiling with N-hydrochlonc acid. 

Flavone-i-dlazo^xide (VI).— 5-Amino-6-hydroxyflavone (0-5 g.) was 
boiled with N-hydrochloric acid (20 cc). till most of it went into solution. 
The solution was filtered, and the residue twice extracted with 20 c c. portions 
of the acid. A small amount of undissoivcd resinous matter was rejected. 
The combined hydrochloric acid extracts were cooled to room temperature 
and sodium nitrite (2 g ) was added m small lots, the reaction flask being 
rotated during addition On leaving the reaction mixture in the refrigerator 
for 30 minutes, the yellowish brown precipitate was filtered, washed with 
water and dried. There was no appreciable change in the yield by carrying 
out the sodium nitrite addition at 10* or 50°. Oystallis^ from alcohol, 
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glistening brown needles were obtained, which decomposed at 173°. (Found : 
C, 68 2; H. 3-1, • N. 10 4. CuH,0,Ns requires C, 68-2; H. 3-0; N. 
10>6%.) The substance does not respond to Lassaigne’s sodium fusion test 
for nitrogen. It is tns<Huble m aqueous caustic soda, and dissolves in con- 
centrated sulphuric acid with a yellow colour. The alcoholic solution gives 
no colouration with ferric chloride The method of preparation, the colour 
of the substance, its mstability to heat and other properties are characteristic 
of the diazo oxides • 

S-.&Dihytiroxyflavones (III).— To .i boiling mixture of concentrated 
sulphuric acid (lOcc) and water (lOc.c) the flavonc diazo oxide (VI) 
(0 1 g ) was added in small lots It immediately went into solution with 
frothing, a reddish brown solution being formed Boibng was continued 
for five more minutes, the solution allowed to cool, and diluted with water 
On letting stand in the refrigerator, the yellowuh brown precipitate was 
filtered, washed free from acid, and twice crystallised from dilute alcohol. 
The honey-yellow needles (0 03g) melted at 189-90° (Found; C, 70’9; 
H, 4 3 CuHieO, requires C. 70 8; H, 3 9%) The alcolwlic solution of 
the substance gives an intense olive green colour with ferric chloride ; an 
orange red prempitatc with lead acetate in alcohol; and a red insoluble 
sodium salt when aqueous sodium hydroxide is added The yellow solution 
m concentrated sulphuric acid exhibits no fluorescence 

5 : ^Diacetoxyftawm —5 . 6-Dihydroxyflavone (0 05 g ) was dissolved in 
acetic anhydride (2cc) and fused sodium acetate (0"5g) added. The 
mixture was refluxed for 2 hours, poured over crushed icc, the greyish brown 
solid collected, washed with water and crystallised from alcohol (Norit) 
The pale yellow prisms melted at 164-65° (Found' C, 67 8; H, 4'3. 
Ci»Hi 40. requires C, 67 4; H, 4 2%) 

While the properties of our dihydroxyilavonc agree with those recorded 
for 5: 6-dihydroxy^\one, the following table gives a comparison of the pro- 
perties of 5 : 6-dihydroxyflavonc* and 6:7-dihydroxyflavone® The latter 
would have been obtained if the coupling of 6-hydroxyflavone with diazo- 
benzene chloride had taken place in the 7- instead of the 5-position. 


Vropettlen i 

j 0 1 6-Uih,dto«j«avone 

B 7-Dlhydro»yHavone 

Cmtkilini fonn 

M.P 

Ftrrie chloride 

Coii(;entr4t«d •alphoric Kid 
Aqaeont todlaa hydroalde 
Aloohollc leid Kttete 
Dlecetyl derivative 

Honey yellow needle* 

ISS-SO* 

Inteiiee olive green 

Yellow non SuoreKenl eolation 
Red Ineoinble eodlnm salt 
Orange red preclpliate 

Prlsmi, m p tSi-illll* 

Pale creeam coloured silky aeedlee 

ft* 

Colourleu non SnoreKent eolation 
Bright yellow eolutloa 

Oreenleb yellow ptedpltau 
Needles, nip. SOI* 
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Summary 

It has been shown that 6-hydroxyflavone couples with diazo salts in 
the 5-position 5*Benaeneazo-6-hydroxyflavone has been reduced to 5- 
ammo-6-hydroxyflavone Treatment of the latter with nitrous acid gave 
flavone-5-diazo-6^xide, hydrolysis of which with boiling dilute sulphuric 
acid led to 5 . 6-dihydroxyflavone. 

The utility of the general procedure for the synthesis of other poly- 
hydroxyflavones and methoxyhydroXyflavones is being studied 

We aie indebted to the Sir Dorab Tata Trust for a Research Fellowship 
awarded to one of us 
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Oils of TemUnalia genus have been little investigated Of the three more 
important species Terminalla catappa^- * (Indian almond), Terminalia 
didnda* and Terminalia belerica* only the first has been exammed by the 
ester fractionation method ; the oil from Terminalia chebula has merely 
been separated mto saturated and unsaturated acids while Terminalia bele- 
rtca oil does not seem to have been investigated in detail at all No member 
of this genus has been investigated with regard to the glyceride structure 
till no;v 

The first examination of oil of Terminalia beierica seems to have been 
made by Hefter* who. however, has reported only that the seed kernel yields 
44% of a fatty oil which consists of solid and liquid glycerides Hooper* 
has recorded some constants of two specimens of the oil We have now 
examined two specimens of the oil for component acids, one by ester frac- 
tionation procedure and the other by the simple but equally accurate 
Bertram procedure The component acids consist of palmitic and stearic 
with a little arachidic in the saturated senes and probably only oleic and 
linoleic acids in the unsaturated class All the three species of TermbuUa 
arc diaractenscd by the presence of about 25% of linoleic acid (see below) 
Terminalia calappa and Terminalia beierica show a closer resemblance in 
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the large amount of saturated acids which they contain, though those of 
the latter consist principally of palmitic acid while those of the latter consist 
of about an equal mixture of palmitic and stearic 

We have completed the examination of one specimen of T helertca 
oil (I.V. 78 5; Saturated acids 41-3%) for the constituent glycerides accord- 
ing to the oxidative method evolved in our laboratory •' The absence of 
fully saturated glycerides in any quantity was proved by a preliminary oxida- 
tion which gave only 0 0018 gram of neutral matenal from 6 grams of the 
oil. The mean molecular weight of the saturated acids was found to be 
270 0 and 270 2 m two separate determinations, their percentages being 
39*49 and 39*5 on the weight of the oil. Since fully saturated components 
were absent, washing of the ethereal solution of the acidic oxidation products 
leaves behind monoazelao-disaturated glycerides and diaselao-mono- 
saturated glycerides together with any unoxidised fat The results of two 
typical examinations are detailed in the experimental section. 

As shown in the experimental part, the percentage composition by 
weight of the component acids of the above speamen of Teminalia bekrica 
oil IS palmitic 20 50, steanc 20*80. oleic 26*70 and linolcic 32*0; which, as 
expressed by molecules, is palmitic 22 2, stearic 20*2, oleic 26*1 and linoleic 
31*5; thus making a total of 42 4 molecules of saturated acids and 37*6 
molecules of unsaturated acids. Of this, 18 6 molecules of saturated acids 
are combined as GS,U and none as GS,, hence the remaining 23*8 molecules 
are combined as GSU|, thus forming 71 4 molecules of di-oleo-mono- 
saturated glycerides and the final composition of the oil is GSj traces, 
OS,U 28%, GSU, 71 *4% and OU, 0*6% The glyceride composition as 
calculated by some methods of partitioning of the fatty acids among them- 
selves* arc shown in the accompanying table- 



The most striking aspect about the glycende constitution of oU of 
TtrminaUa belerica is its close approximation to the rule of even distnbution 
srtiich is not met with in many of the other seed fats which we have examined 
SO far, It would, at this point, be of interest to compare the glyceride 
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compoMtIoo of a Mowra oil, which w« have recently JnveetipUed* and which 
had practically the same saturated-unsaturated acid ratio. The component 
acids are the same and thoe is not much difference in their proportions 
except in the relative proportions of oleic and hnoleic acids. But the 
^yceride structure is entirely different m the two cases. This shows that 
probably the general mode of construction or assembling of the acids into 
triglycerides need not be the same even in any two vegetable seed fats (com- 
pare Hilditch*) 

BXPEUMENTAt. 



■nic iodine value 0-9 of the acids recovered corresponds to the un- 
oiudised portion of the oil After Bertram separation, the weight of acids 
is 2 145 grams, which works up to, on the weight of oil, 2 145 x 100/5 '3788 
or 39-87%. The percentage of unsaturatcd unoxidised acid will be 0 9 
X 39 87/90 or 0-398 on the weight of oil (90 being the iodine value of oleic 
acid) Since, for purposes of computation, the percentage of unsaturated 
glycerides (unoxidised) will be approximately thnee the unsaturated acids, 
the percentage of unoxidised unsaturated glycerides is 0 398 x 3 or 1 -2 
A more detailed calculation is as follows i— 

282 of oleic acid should give {282 -K2 X 270) + 38J of OS,U by weight 
when S is 270 (mean molecular weight in the present instance*) or 860 Here 
the assumption is that Of the two mixed unsaturatcd glyccndcs (GSaU and 
OSUi) the OS,U has greater probability of escaping complete oxidation. 

The weight per cent of OS»U will be 0-398 x 860/282 or 1-205 per 
cent 1 -2 per cent of the oil is contained in 3 1475 grams of the azelao 
glycende mixture obtained experimentally Hence the percentage content 
of unoxidised oil based on the a/elao-glycendes mixture will be 
1-2 X 5 3788/3-1475 or 2-05. 

The saponification value of 2-05% will be 56 11 x 100 x 3/860 or 195-7. 
Henoe the S V of the mono-, and diazelao-glyceride mixture can be calcu- 
lated. Tlie actual experimental saponification value of the mixture con- 
Uining OSs, OS»U, GSfA and GSA, is 359-1. In this case of course, GSt 
is nij and henpe wc have now to correct for the saponification value of GSyU. 
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If X is the saponification value of the mixture, OS|A and OSAt, then 
359 1 X 100 « 195 7 X 2 05 +(X x 97*95). where 97-95 is the sum 
total of the percentage of GSsA and GSA|. Hence X is 362-3. 

Weight of mixture of azelao-glycendes is 3-1475 x 97 95/100 The 
percentage weight of mono-azelao-glycendes is 


-1475 X 97-95 x (410-2 - 362-3) 
100 X 5^7grr4io“2*^W~ 


X lOOi 


23 42, 


since saponification value of GS»A is 293-0 and of GSA, is 410-2 (experi- 
mental determination gave 410-8) and percentage of GSUg by weight is 
23-4 X 860-2/766-2, 1-2 or 27-5 


In a duplicate experiment 4-4739 grams of oil were oxidised and 2 -6020 
grams of aaelao-glycende mixture was obtained after washing with bicarbo- 
nate. The mixture of glycerides had a saponification value of 358 4 After 
Bertram separation, the saturated acids obtained weighed 1-7778 grams 
The recovered saturated acids had an iodine value of 0 6 . Hence percentage 
of unoxidised fat as oleo disaturated glycendes is 0 - 8 , and percentage of 
unoxidised fat in azelao-glycende mixture is 1 4. The percentage weight 
of azelao-glycerides is 58-16 x 98-6/100 True saponification value of 
azelao-glyceridcs is 360-6 Hence percentage weight of monoaxelao- 
glycendes is 

58-16 X 86-6/100 X 49-6/117-2 or 24-27 

Percentage of OS|U by weight is 24 27 x 860 2/766-2, 0 8 or 28 0 

Percentage of GS 4 U in oil by weight is 27-5, 28-0/2, or 27-75. 

Percentage of GSiU m oil by molecules is 28 0. 

Analysis of the Oil by Ester Fractionation— Wl Sample —187 grams of 
the seed kernel was exhausted with benzene yielding 74 4 grams of the oil 
corresponding to an yield of 39 8 % 218 grams of the oil was hydrolysed 

yielding 203 grams of mixed acids of mean molecular weight 277-8; iodine 
value 87-36; Titre 35, Refractive index (40) 1 4524 

The mixed acids separated into solid and liquid acids by lead salt sepa- 
ration yielded, approximately, 75 2 grams of solid acids and 127 8 grams 
of liquid acids. They gave the following analytical constants 
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100 grams of the solid and liquid acids were separately estenfied and 
fractionated The solid acids fraction consisted of Cjg — 19 -93; Cur- 
15-76; CV-0-79; oleic— 0-20; Imoleic— 0-32. The liquid acids fraction 
consisted of C«— 2 45, oleic— 27 90 and linoleic— 32-64 Hence the 
components are C, 4—22-38, Ci,— 15-76; C»-0-79, oleic 28 10 and 
linoleic 32-96 per cent 


Distillation of Solid and Liquid Acid Esters 




190-1»S 

I90-19S 

IS8-208 

Roldue 


300-aOS 

SOS-SIO 

sio-ais 

KMldu* 
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RAMAN SPECTRA OP THE SECOND ORDER IN 
CRYSTALS 

part IV, Barytes 
By Dr R S Krishnan 

{.Prom tht DepotimtM of Pkyslct, liuHan lotlUult of Scionct, Bantahrt) 

Received May 6. 1946 
1, IWTRODUCTION 

Although large transparent single crystals of barytes are easily available, 
comparatively litUe work has so far been done on its Raman spectrum. 
Nisi (1929) and Krishnamurti (1930) vdio Were the early investigators on this 
subject recorded only a couple of Raman lines. Using the 2536-5 A mercury 
radiation as exciter, Rasetti (1932) recorded a spectrum with a specimen 
of barytes which exhibited as many as eight low frequency lines and eight 
lines due to the SO 4 ion with frequency shifts 56 8 , 62 2, 73 - 6 , 88-3, 97 8 , 
127 3. 150 4, 189 8 . 451-4, 462-2, 631 1, 647-5, 989-3, 1104-6, 1141-4 
and 1167-2cm-‘ Using the same technique and giving longer exposures 
Roop Kishore (1942) repeated the experiment Owing to the smaller dis- 
persion of the spectrograph used by him, the number of Raman lines identi- 
fied was less than that reported earlier by Rasetti Roop Kishore, how- 
ever, succeeded in recordmg an additional fainter fine at 1088 cm.”* and a 
weak band extending from 1200 cm.-* to 1300cm.-‘ He found that the 
onentation of the crystal with reference to the direction of illumination and 
observation had a marked influence on the relative intensities of the lines. 

Using the 4046 and 4358 A radiabons of the mercury arc Balakrjshnan 
(1941) mvestigated the effect of crystal orientation on the Raman lines due 
to the internal oscillations of the SO4 ion in barytes The specimen employed 
by him was m the form of a parallelepiped with its faces parallel to the 
cleavage planes (001), (110) and (110) He claimed to have observed 15 
distinct Raman lines with frequency shifts 452, 458, 614, 620, 638, 650, 989, 
1038, 1082, 1088, 1109, 1136, 1142, 1158 and 1170 cm-*, some of which 
did not appear for certain orientations of the crystal According to him, 
none of the three settings of the crystal tried by him gave the complete 
spectrum. This result has neither been confirmed nor contradicted by 
Roop Kishore (1942). From an analysis of the polarisation data Balakrishnao 
concluded that the lines with frequency shifts 45^ 458, 650, 989 and 1 170 cm,"’ 
belonged to the symmetric clau. 
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It IS clear that the results obtained by the rariier inveshgators on the 
Raman effect m barytes are neither complete nor in agreement. It is there- 
fore thought desirable to study the problem afresh using the very powcrftii 
ultra-violet techmquc which has yielded much useful information in the case 
of diamond, calcite, quartz, etc. (Krishnan, 1945). The use of the 2536 5 A 
resonance radiation as exciter would enable one not only to record the first 
order spectrum of barytes in all its detad but also to mvcstigale the nature 
of Its second order spectrum about which nothing is known at present The 
present investigation was undertaken with this object in view and also to 
confirm or disprove Balaknshnan’s findings regarding the effect of crystal 
orientation on the frequency shitts of the Raman lines. 

2 Details oi- the Experimekt 

From Sir C. V Raman’s personal collection of minerals two transparent 
specimens of barytes were chosen for the picsent study Tlic bigger ciystal 
was in the form of a paiallelcpiped (10 x 8 x 5 cm ). with its faces parallel 
to the natural cleavage planes (001), (110) and (IfO) It was used as such 
The smaller specimen which had a natural c(OOl) face was cut and polished 
With its faces perpendicular to the axes of the optical ellipsoid This crystal 
measured nearly 1x1x2 5 cm 

The optical arrangement employed for recording the Raman spectrum 
using the mercury resonance radiation as cxcitci has been described in Part I 
of this senes (Krishnan, 1945) Using the E 3 quartz spectrograph a prelimi- 
nary investigation was earned out in order to find any variations in the 
frequency shifts of the Raman lines for different settings of the crystal Using 
the cut crystal three different spectrograms of the Raman effect were taken 
with the crystal illuminated successively along the a, b and c axes, the tra- 
versely scattered light being taken along b. c and a axes respectively A 
comparative study of the three spectra recorded m juxta-position on the same 
negative showed that the frequency shifts of the Raman lines remain 
invariant, whereas the relative intensities of the lines depend on the onenta- 
tion of the crystal. The experiment was repeated with the bigger crystal 
which had the natural cleavage faces and the same result was obtained 
Balakrishnan’s claim that none of the oricntauons of the crystal of barytes 
gave a complete Raman spectrum is therefore not substantiated by the 
results obtained by the author. 

In order to get accurate measurements of the frequency shifts of the 
principal Raman lines, a Hilgcr E 1 quartz spectrograph wluch has a dis- 
persion of about 50 wavenumbers/mm. in the 2536 A region was used. 
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Using a slit Width of 0-03 mm. and the bigger crysUt, exposures of the order 
of 4 days were given to photograph the Raman spectrum showing the first 
Older lines with reasonable intensity The frequency shifts of the lines were 
evaluated by companson with the superposed iron arc spectrum. 

In order to record the second order spectrum the high speed low 
dispersion E 3 quartz spectrograph was employed With a slit width of 
0-03 mm exposures of the order of two to three days were given to get an 
intense spectrogram The frequency shifts of the more intense and easily 
identifiable second order lines were evaluated from measurements made on 
the spectrogram Those of the feebler ones were estimated from the micro- 
photometne record 

3 Results 

A typical photograph of the Raman spectrum taken with the E 1 spectro- 
graph together with its microphotomctric record is reproduced in Fig 1 
m Plate I. The positions and the frequency shifts of the principal Raman 
lines are marked in Fig 1 b They arc listed in Table I. TTie figures 


Table I 



giv«i m brackets represent visual esUmates of the relative mtcnsities of the 
Imcs The direction of illuminaton was normal to the (001) face and the 
direction of observation was normal to the (110) face Rasetti*! values for 
the frequency shifts are shown m column 5. TTie author’s results are m 
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close agreement with those of Rasetti excq>t for the three doublets With fre- 
quency shifts 148 8-151 4 cm.-*. 1084 2-1104 2cm-‘ and 1139- 1-1144 8 
cm.-* Rasetti treated them as single lines. The principal Raman line 


Table IT 

Second order Raman lines of barytes 



With the frequency shift of 617' I cm"* has been recorded for the 6rst time. 
The 20 Raman frequencies tabulated above have been classified into two 
groups, namely, lattice spectrum denoted by L,. L»- -U and die spectrum 
of the SO4 10ns m the crystal denoted by v,. . v* 

An intense photograph of the Raman spectrum of barytes taken with 
the E3 spectrograph is reproduced in Fig 2 together with a spectrum of 
the mercury arc for purposes of comparison. The corresponding micro- 
{idiotometnc records are shown in Fig 3 The second order Raman Imes 
can be clearly seen on the microphotometnc record Most of them can 
also be identified on the reproduced photograph. In addition to the 20 
Raman lines belonging to the first order spectrum, there arc not less than 18 
Raman lines and one Raman band constituting the spectrum of the second 
order. The frequency shifts of these are listed in Table II. They have all 
been recorded as sudi for the first time Roop Kishore (1942) reported the 
existence of only a band extending from 1198 cm-* to 1300 cm.-* consisting 
of unresolved lines. 
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Of the second order Knes, the Raman line with the frequency shift 
967 cm.-* is the most mtense one as it appears even m the lightly exposed 
photograirfi taken with the E 1 spectrograph. Sec Fig. 1 The pair of Imes 
With frequency shifts 1216 cm * * and 1238 comes next in the order of intensity. 

As in the case of other 6rystal8 like cakatc. gypsum, etc . the intensity 
of the 2536-5 A line relative to that of its companion at 2534 8 A is greater 
in the spectrum of the scattered light than in that of the direct arc The 
#-nhiiTnv«t intensity of the unmodified line can be attributed to the presence 
of Brillouin components which are not absorbed by the column of mercury 
vapour, compare the microphotometric records reproduced in Fig 3. 

4 Discussion 

Barytes is an ionic crystal belonging to the orthorhombic bipyramidal 
class. The unit cell contains four molecules of BaS04, the space group 
IS V**» James and Wood (1925) carried out a detailed X-ray analysts ot 
the crystal structure of barytes Their results go to show that the SO4 ions 
preserve their tetrahedral symmetry in the crystal. 

Spectrum of the SO^ ton.— The SO« ion m the free state has only four 
distinct modes of oscillation with frequency shifts 454(2), 622(3), 983(1) 
and 1 106 (3) cm.-* The figures given in brackets are the respective degene- 
racies. From group theoretical analysis Bhagavantam (1938) showed that 
in the case of anhydrite which belongs to the orthorhombic class the four 
distinct modes of oscillation characteristic of the free SO4 ions spht up into 
nine components in the aystal Wc may expect to get sunilar results with 
barytes also which has a structure similar to that of anhydntc With the 
disappearance of the degeneracy, the spectrum of barytes should exhibit 
all the nme hnes characteristic of the SO4 ion Actually 11 frequency shifts 
are recorded in the first order spectrum all of Which are attributable to the 
oscillations of the SO4 ion By comparing the values of the frequency shifts 
of barytes with those of the free SO, ion it is possible to identify seven out 
of the expected nine modes These are denoted by v,, v,. i-,. . and r* 
(see Table I) The remaining two fundamentals, namely >> and v, appear to 
have suffered a Fermi sphtting due to accidental degeneracy givmg nse to 
4 Raman Unes as indicated below It is probably correct to take v, as 
1094 cm-* which splits up into 1084 and 1104 cm.-* on account of the 
fact that the combination i'i(462 2) -I- •'4(630 3) falls on the top of In 
mine way. whidi has a frequency shift of 1142 cm-* sphu up into two 
Imes with frequent^ shifts 1139 and 1145 cm.-* since the combination of >>• 
(988-6) and 1,(151 -4), one of Ae lattice lines falls in the region of this 
douUet. 
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Table III 
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The values of the frequency shifts of the nine Raman lines due to the 
internal oscillations of the SO« ions in barytes, anhydrite and gypsum arc 
listed in Table III. The corresponding Raman frequencies of the free SO4 
ion are also included for comparison The values of the frequency shifts 
for anhydrite were those reported by other workers, The values for gypsum 
Were taken from Part 11 of this series (Krisbnan, 1945) A comparative 
study of the frequency shifts of the SO4 ion in barytes and anhydrite shows 
that the influence of the eation on the splitting of the degenerate frequencies 
454cm.-‘ and 622 era.'* and on the enhancement of the totally symmetric 
cecillation frequency 983 era -* of the free SO4 ion is inversely proportional 
to iti atomic Weight. Polarisation studies made by Rousset and Lcchet 
(1945) show that in the case of gypsum the frequencies vi, v„ V4, v, and v» 
come under the symmetric class, whereas in the case of barytes Balakrishnan’s 
measurements indicate that v,. v,. v, and i> come under the symmetric 
class The fact that out of the nine SOj lines of barytes, five come under 
symmetric class and four antisymmetric shows that the vibrating SO4 ion 
possesses only as elements of symmetry a binary aius parallel to the binary 
axis of the crystal, although the ion has the full tetrahedral symmetry when 
the atoms are at rest. 

The lattice spectrum — Bhagavantam (1938) has shown that in anhydrite 
which has a structure similar to that of barytes there should be ci^toen 
Raman active lattice oscillations. The recorded spectrum of beiytes, on the 
other hand, consists of 9 lattice lines, t e , exactly half the theoretical number, 
Conyiaring the lattice spectrum of gypsum with that of barytes one finds 
that there is no stnkmg similarity between the two except for the fact that 
both the spectra consist of sharp, intense and closely spaced lattice Imes. 

Combinations of the principal frequencies.— In the second order spectrum 
the overtones and combinations of all the fundamental frequencies listed 

AS 
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in Table I can appear On this basis satisfactory assignments have been 
given to all the lines except one vwth frequency shift 967 cm.-‘ appearing m 
the second order Raman spectrum (see Table H). The calculated frequency 
shifts agree reasonably well With the observed values. Of the sulphate 
frequencies, the octaves of vj (452-9), v,(462 2), i>,(617-l) and »%(988 6) 
are recorded as clearly resolved hnes There is indication of some unresolved 
Imcs in the neighbourhood of 1238 and 1267 cm (see Fig, 3). These can 
be assigned as the octaves of i»4 (630-3) and »s (648 3). It is interesting to 
note that the octave of the most intense principal Raman Ime, namely. 
v,(988-6cm->) is very weak compared to the octave of some of the other 
sulphate hnes, e.g., i'x(452-9cm-‘) or v, (462-2 cm.-*)- 
5 Infra-Red Spectrum 

Comparatively little work has so far been done on the infra-red absorp- 
tion spectrum of barytes. Schafer and Schubert (1916) reported the exist- 
ence of two reflection maxima in barytes, one at 8 -30/4 (1204 cm-*) and the 
other at 8 93^1 (1120 cm-*) Matossi and Kindler (1934) investigated the 
infra-red absorption spectrum of barytes in the range from 2 m to 16 m. 
They observed two strong absorption bands at 9 m and at IS 65 m correspond- 
ing frequencies being 1100 cm -• and 640 cm-* These absorpuon bands 
might correspond to the observed Raman lines 630-3 and 1094 cm-* which 
come under the antisymmetric class and hence active m the infra-red The 
above authors have also reported the existence of two weak absorption bands 
at 12 35 m ( 810 cm-*) <*"d 10 81 m ( 925 cm-*) I**' mfra-red There arc 

no first order Raman lines correspondmg to these The second order 
spectrum, on the other hand, exhibits two Raman lines with corresponding 
frequency shifts. 

The author is grateful to Sir C. V. Raman for the loan of the crystals of 
barytes and also for his interest in the work. The author is also indebted 
to the authorities of the Annamabi University for the loan of the Hilger 
E 3 quartz spectrograph 

Summary 

The previous work on the Raman effect in barytes has been briefly 
reviewed 

The Raman effect in natural crystals of barytes has been studied in detail 
usmg the 2536-5 A mercury resonance radiation as exciter. Tlic recorded 
spectrum consists of not less than 39 Raman hnes nearly half of whu^ have 
been recorded for the first time Of diese 20 Imes belong to the first order 
ft4rruiii spectrum and are distributed as follows.— 9 lattice lines and 11 lines 
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due to the mtemel osdllatioM of the SO4 ion. The frequency shifts of t^ 
lines have been accurately measured. The appearance of 11 Raman lines 
in the first order spectrum of Ae SO4 ion has been satisfactorily explained 
on the basis of the lower order of synunetry of barytes crystal and also due 
to Fenni resonance splitting. 

19 Raman lines of comparatively feeble intensity vWch constitute the 
second order spectrum have been assigned as octaves and combmations of 
some of die 20 principal Raman frequencies. 

The frequencies corresponding to the maxima observed in the infra-red 
absorption spectrum of barytes have been compared with those observed in 
the Raman effect 

A complete bibliography on the Raman effect and infra-red studies in 
barytes is included 
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cioNSTiTth’ioN OF cannAsiscitrin—paJit li 

By T R. Seshadri and V VenkaIeswarlij 

{From tht DtpurtitwnI of Cluonitiry. AmSira Vnirtrilly) 

Roceivetf Februaiy 26, IM6 

CANNAftistirRiN' IS the main crystalline componoit of the flowers of HO>iscm 
cannablnu’i It is a monoglucosidc of cannabiscetin, a flavonol having six 
hydroxyl groups When decomposed with aqueous alkali its hcxamethyl 
ether yielded O-tnmcthyl-gallic acid Thus four of the six hydroxyl groups 
of the flavonol could be definitely allotted to the positions 3, 3', 4' and 5' 
The orientation of the other two as 3-8 was tentatively suggested, based 
on colour reactions. The aglucone was considered to be isomeric with 
myrioetln and not identical with it mainly for the following reasons. (1) it 
gave the gossypetone rcacuon though not so readily as gossypetin and this 
was considered to be characteristic of compounds having hydroxyl groups 
in the paw-positions 5 and 8, it further gave a display of colours in alkaline 
buffer solutions , (2) the methyl ether of cannabiscetin as originally obtained 
was noticed to have a lughei melting point than that of myricetin though the 
melting points of cannabiscetin and its acetate agreed with those of myricctm 
and Its acetate 

In a subsequent paper* the position of the sugar group was fixed as 3'. 
This was done by methylation of the glucoside. hydrolysis and fission of the 
product whereby 3-hydroxy-4. 5-dimcthoxy-bcnzoic acid was obtained and 
identified 

Further work has now been done with a view to obtain more definite 
intormation about the nature of the flavonol and its glucoside using im- 
proved methods of methylation and fission leading particularly to the isolation 
and identification of the kctonic decomposmon product. The different 
methods of methylauon that have been so far employed by different workers 
have been applied to the present case. The use of dimethyl sulphate and 
anhydrous potassium carbonate m anhydrous acetone solution has been 
found to be the most satisfactory and has given the best yields of the pure 
etlwr. The hcxamethyl ether of cannabiscetm obtamed in this way is found 
to melt at 156° agreeing with the melting point of myncetin methyl ether.* 
The mcltmg product onginally described could not be obtained again 
even by adopting the other methods and the older sample was not available 
for comparison due to loss durmg the transfer of our laboratones as a ww 
measure. Whether this is antoher case of dimorphism found m certain 
other flavonol ethers could not therefore be setded. 

296 
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Since it has-been our experience that the use of absolute aleohobo 
potash for the fission of methyl ethers gives much better results than older 
meth od s and is paitKuiarly suited for dealing with small quantities, this 
method has now been adopted for the fission of the hcxamethyl ether of 
cannabiicetin (1). Besides trimcthyl gallic acid (HI) good yields of a ketonic 
{«oduct has been obtamed and it has been identified as methoxy fisetol- 
dimethyl ether (11)* by a detailed study of its reactions and convmion into 
derivatives and also by comparison with a synthetic sample This definitely 
established the position of the two hydroxyl groups in the benzopyrene part 
as 3 . 7 and not 5 8 and thus cannabiscetm should be the same as myri- 
cetin (VIC!) The identity was established by the synthesis of myncetm and 
its denva lives according to the method of KaJflf and Robinson* and com- 
parison with cannabiscetm, its acetate and methyl ether It should be noted 
here that the colour reactions with buffer solutions and /s-benzoqumonc 
which Were originally considered to be characteristic of the 5 ; 8 arrange- 
ment of hydroxyl groups are also given by flavonols containing three hydroxyls 
in the 3' 4' • 5' positions 



(VIU) 


In the course of the experiments on the idenufication of cannabiscetm, 
mcthoxy-fisetol-dimcthyl ether («. 4 : 6-trimcthoxy.2.hydroxy acetophenone) 
Was fused with the anhydride and sodium salt of trimethyl-gallic acid. There 
was partial dcmethylation during the condensauon and the product was 
found to be 5-hydroxy-3 . 7 3'. 4' 5'-pcntamcthoxyflavonc (IV) or penta- 
mcthylmyncctin* obtained by Perkin by the partial mcthylation of myncetin. 

In the light of the identity of cannabiscetm with mynceUn, the constitution 
of the ^ucosidc, cannabiscitnn has been further investi|ated usmj the simpler 



296 T. R. Se«hadri and V. Veikateswarlu 

me*od of mediation. Though the gluco«idc w spanngly 8<duble m dry 
acetone, it could bo successfully and fully methylated in this medium in a 
finely powdered condition by boilmg with excess of dimethyl sulphate and 
potassium carbonate. The methylated glucoside could be obtained m a 
pure condition and hydrolysed to give a pentamethyl ether of cannabiscetm 
(myncetm) in good yield Fission of this substance with alcoholic potash 
hat yielded as one product methoxy-fisetol-dimethyl ethei (U) showmg con- 
clusively that the sugar group is not present in the benzopyrene part. The 
acid decomposition product was identified to be 4. 5-dimethyl gallic acid 
(IX) by comparison with a sample synthesised according to the method of 
Shnner and McCutchen* thus establishmg the constitution of the penta- 
methyl ether as (VII) and the constitution of the glucoside as (V) with the 
sugar uTut in the side phenyl nucleus in position 3' 

A more convenient method of establishing the exact constitution of 
the glucoside is to ethylate the above penta-methyl ether to give ethyl-penta- 
methyl-cannabiscetm (myricetin) (X) and subject this to fission. The re- 
action goes more smoothly yielding the same ketone (II) and 3-ethyl-4 . 5- 
dimethyl gallic acid (XI) which is identical with the ethylation product of 
4 5-<iimethyl gallic acid These reactions arc represented below 



(IX) (X) (XI) 
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Cannabiscitrin u, tfiorefore, a new mono-gluco*idc of myncetm. the 
glucose group being m the 3'-pou&on, Myncitnn* isolated by Perkin from 
Myrka nagi is a rhamnoeide and the rhamnose unit is considered to be 
linked to the 3-position of the flavonol 

It is interesting to compare the flavonols present in the flower petals of 
the two closely related species of Hibiscus, H camabima and H sabdar{ffa, 
Botanically the plants resemble closely and they are also used for the same 
purposes/ as acid vegetables and as sources of fibre The camabtHUs 
flowers contain myncetm as the flavonol, whereas hibiscetin is the main com- 
ponent of sekdariffa petals Since the latter is S-hydroxymynoetm, it appears 
that the species difiereoce rests in the oxidation of the S-positioo of the 
flavonol molecule 

Experimental 

Hexamethyl cannabiscetin (I) — Cannabiscctin (1 Og), dissolved in 
dry acetone (100 cc), was treated with dunethyl sulphate (2 5c.c) and 
anhydrous potassium carbonate (20 g) and the mixture boiled under reflux 
for 30 hours After the completion of the reacuon, the potassium salts were 
filtered off and washed with more acetone The filtrate Was concentrated 
and the residue treated with water (100 c c ); the methyl ether then separated 
out completely dunng the course of one hour. It Was twice crystallised 
from dilute alcohol When it came out in the form of colourless rectangular 
plates and prisms melting at 155-56® It was inscfiuble in dilute sodium 
hydroxide solution and did not give any colour with alcoholic ferric chloride 
The methyl ether exhibited a weak blue fluorescence in alcoholic solution 
Yield- 1-Og (Found C, 62 9. H, 5 7, OCH„ 46 1, CttHnO, 
requires C, 62 7, H, 5 5; OCH„ 46 3%) The nuxed melUng point with 
myricctm hexamethyl ether was undepressed 

The use of benzene as the solvent in the above experiment also yielded 
the sam e' methyl ether; the only difficulty was that cannabisceUn was not 
easily soluble in this solvent SuU the yield and the quahty of the product 
were unaffected 

Other methods using (i) methyl iodide and anhydrous potassium carbo- 
nate m acetone solution, (2) methyl iodide and alcoholic potash and 
(3) dunethyl sulphate and alkali on cannabiscetin acetate, were examined 
in order to see if any higher melting ether could be obtained. But all of them 
yielded the same substance melting at 155-56*. 

Decomposition of hexamethyl cannabiscetin with alcoholic potash : Iso- 
lawn of trlmeth^l gallic acid (HI) and the Ifetone (11) — Hc^wmethyl canna- 
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biscetin (l-Og.) was boiled under reflux with absolute alcohoHc potash 
(30 c.c. of 8%) fot six hours under anhydrous conditions. At the end of 
the penod as much of the alcohol as possible was distilled off and tM residue 
dissolved in water. The aqueous solution was then filtered from a little 
insoluble impurity and the clear filtrate acidified with dilute sulphuric acid 
wifli cbolmg. The precipitated solid was then thrice extracted with ether 
and the combifted ether solution shaken with 5% sodium bicarbonate to 
remove the acid part (A) On evaporating the ether solution the required 
ketone was obtauied It was crystallised twice from dilute alcohol when it 
came out in the form of thin colourless plates melting at 104-05° The 
yield of the pure ketone was 0 34 to 0 38 g It could also be crystallised from 
hot water It dissolved easily in aqueous sodium hydroxide forming a pale 
yellow solution and gave a grpenish brown colour with alcoholic feme 
chloride The mixed melting point with an authentic sample of 2-hydroxy- 
<ii- 4 : 6 -trimethoxy-acetophenone was undepressed (Found: C, 58 6, H. 

6 5, OCHa, 40 9; CuHuO, requires C. 58 4, H, 6 2, and OCH,. 41 2%) 

The dtnltrophmylhydrazone was obtained by heating a mixture of the 
above ketone ( 0-1 g) and 2. 4-dinitrophcnylhydrazine (0 2g.) dissolved in 
akohol (10 c c), on a water-bath for half an hour The phenyDiydrazone 
separated out on cooling, it was washed with dilute hydrocAloric acid and 
crystallised from alcohol when it came out in the form of orange-red micro- 
cryswls melting at 160-62° It was soluble in aqueous alkali to give an 
orange-red solution (Found- C, 49 9, H, 4 7; C„H„C^N4 requires C, 
50 2; H, 4 4%) 

The clear bicarbonate solution (A) obtained above was neutralised with 
dilute hydrochloric acid The precipitated solid was repeatedly crystallised 
from hot water using a little animal charcoal. It came out in the form of 
colourless rectangular plates, melting at 167-68° and was identified as tn- 
methyl gallic acid. The mixed melting point with an authentic sample of 
trimethyl gallic acid was undepressed. (Found: C, 56-7; H, 5 7, OCH„ 
44 - 1 : C„H,A requires C. 56 6; H. 3 7 and OCH>. 43 9% ) 

01 • 2 4 6- Tetrametlioxy-acelophaione — 2-Hydroxy-«-4 : 6-trjmethoxy- 
acetophenone (0-2 g) was methylated in acetone solution with dimethyl 
sulphate (0-5cc) and anhydrous potassium carbonate (S-Og). The pro- 
duct was crystallised from dilute alcohol when it came out m the form of 
colourless rectangular plates melting at 151-52° It was insoluble m dilute 
sodium hydroxide solution and did not give any colour with alcoholic fenic 
drforide. (Found. C, 601; H. «-9; OCH„ 51 9; C„H,A requires 
C.60 0; H, 6 7 and OCH,, 51 7%) 
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Comparison of cataublscetln mtd myrieetin (synthetic) —The totfewlng 
propertic* were compared and found to be identical TTie fiavonMs 
decomposed above 350* and gave a dark brown colour with alcoholic fefric 
chloride; the hexamethyl ethers melted at 155-56* and the hcxa-acetatea 
at 220-21“. The colour reactions m alkaline buffer solutions were alto 
identical With freshly made buff«- soluUons, the appearance of pure Wue 
has now been noticed even with a slighdy lower pH. This may be due to 
changes in the buffer solutions during storage. 

Condensation of hydro xy-fisetol trimethyl ether (II) with the anhydride 
and the sodium salt of trimethyl gallic acid Preparation of 5-Hydroxy- 
3 7.3' A' . 5'-pentamethoxy-flavone (710 — 2-Hydroxy-<i» . 4 d-trimethoxy 
acetophenone (l Og.) was mtimately mixed with the dry anhydride (6g.) 
and the sodium salt of trimethyl gallic acid. The product was heated at 
180° for 6 houn in vacuo The hard mass Was then broken up and dissolved 
in alcohol (ISOcc) and while boihng. an aqueous potassium hydroxide 
solution (8 g m 15 c c.) was added during the course of 20 minutes to 
decompose the excess of the anhydride The alcohol was then completely 
removed under reduced pressure and the residue dissolved in water. A 
small quantity of a solid separated out. It was filtered and the filtrate Was 
then saturated with carbon dioxide 'The pale yellow product was repeatedly 
crystallised from alcohol when it came out as very pale yellow stout needles 
melting at 140-41° This product corresponded to the pentamethyl ether 
of myrieetin (m.p 138-39°) recorded by Perkin.* In bulk, the substance 
appeared yellow It gave an obve green colour dwngmg to brown with 
alcoholic ferrnc chloride and did not exhibit any visible fluorescence in 
alcoholic solution (Found* C, 62 0, H, 5 3, OCH*. 40 1, CmHdQi 
requires C, 61 9; H, 5 2 and OCH,. 40 0%) On workmg up solid (S) 
some more of the above S-hydroxy compound was obtained 

Methylation of the above 5-hydroxy-flavone with excess of dimethyl 
sul{^te and anhydrous potassium carbonate in acetone solution yieliM 
the hexamethyl ether of myrieetin which crystalhsed from dilute alcohol 
as colourless rectangular plates and prisms and melted at 155-56°. 

Acetate of cannahiscitrin —This was conveniently prq»red by boihng 
the glucoside with acetic anhydride and a drop of pyridine, and crystallising 
the colourless product by dissolvmg m cold acetone and adding enough ethyl 
alcohol to start crystallisation. When prepared is this manner, it appeared 
as colourless needles and melted to a tran^rent liquid at 194° (Found; 
C, 54 4; H, 4 4; CwH|,0„ reqmres C, 34-5, H, 4 4%) 
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MetkykUUm of catmablscUrtn : Preparation of the methykned ^ucotide 
(VI).— Finely powdered cannabiscitrm (4-0 g.) was suspended in dry acetone 
(200 cc.), treated with dimethyl sulphate (6 0 g.) and anhydrous potassium 
carbonate (25 g.) and the mixture boiled under reflux for 30 hours It was 
oocaiKwiaHy shaken to bring any unreaoted cannabisatrin into solution. 
The acetone solution was filtered, washed with more acetone and then con- 
centrated when colourless crystals of the methylated glucoside separated out 
It was recrystalhsed from methyl alcohol when it came out as shining needles 
and rectangular plates melting at 149-50“ It was insoluble in dilute alkali and 
did not give any colour with alcoholic feme chloride (Found- C, 56 4; 
H. 5 3. CmHsoO,, requires C 56 7, H. 5 5%) 

Hydrolyiii of the methylated glucoside: Isolation of pentamethyl cannabis- 
cetin {jnyricetin) (VII) —The whole of the product obtained above (VI) was 
boiled under reflux with 7% sulphuric acid (200 c c ) for 2 hours The hot 
soluuon was filtered through a plug of cotton-wool to remove a small 
quanuty of insoluble impunty that had separated out The pentamethyl ether 
crystallised out almost completely on cooling. It was recrystallised twice 
from alcohol when it came out in clusters of colourless needles The correct 
mdlting pomt of this compound is 220-22* It did not give any colour with 
alcoholic feme chlondc, but dissolved lasily in dilute sodium hydroxide 
fomiuig a pale yellow soluUon with no fluorescence Yield, l-76g. from 
4g of cannabiscitrm It developed a pale pink fluorescence m neutral 
alcoholic solution after some time (Found C. 61 5, H, 4 8, OCH„ 
40-2, C*HmO, requires C, 61 9, H, 5 2 and OCH„ 40 0%) 

The above pentamethyl cannabiscctm (0 5 g ) was dissolved m acetone 
(20c c) and methylated by boiling for 10 hours with excess of dimethyl 
sulphate and anhydrous potassium carbonate. The product was crystallised 
from dilute alcohol when it came out as colourless rectangular plates melting 
at 154-56* and was found to be identical With the hexamethyl cannabiscctin 
obtained by direct methylaUon 

Decomposition of the above pentamethyl ether (VII) wUh alcoholic potash; 
Isolation oj 4 . S-dimeihyl gallic acid (IX) and the ketone (II) —Pentamethyl 
cannabiscctm (I -0 g.) was boiled under reflux with absolute alcoholic potash 
(30c.c. of 8J0 for ® penod of six hours. The product was worked up as 
before into the sodium bicarbonate soluble part (acid part) and the ketonic 
part. On CTystalhsation from alcohol, the ketone came out as colourless 
rectangular plates, mcltmg at 104-05“ Mixed melting point with 2-hydroxy- 
fa ; 4 : 6-tnmethoxy acetophenone wps undepressed, 
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The iMcarbonate solution was acidified and repeatedly extracted with 
ether; the residue obtained on evirating the ether solution was twice 
crystallised from hot water using a little animal charcoal when it came out 
as rectangular pUtcs and pnsms melting at 192-94° It was found to be 
identical with 4:5^imethyl galbc acid, the mixed melting pomt With an 
authentic sample of 4:5-dimethyl gallic acid being undepressed. (Found; 

C. 54 7; H, 5 4; OCHj. 31-2, C,H„0, requires C, 54 5, H, 5 I and 
OCH,. 31-3%) 

y-Eihyl-3.5 7.4' i'-pentamethyl cannabiscetm (myncetin) (X)— The 
above pentamethyl cannabiscetm was ethylated with ethyl iodide and 
anhydrous potassium carbonate in acetone solution "The product was worked 
up as before and the ethyl ether was twice crystaUiscd from dilute alcohol when 
It came out as stout rods and rectangular plates, melung at 155-56°. A 
mixed melung point with hexamethyl myncetm was considerably depressed. 
The product was insoluble m aqueous alkali and did not give any colour 
with alcoholic ferric chloride 

Decomposition of ethyl-pentamethyl ctamobisceiin (X) with alcohoUc 
potash Isolation of the ketone (II) and i-ethyl-i . S-dImethyl salHc acid (XI) - 
The ethyl pentamethyl ether (lOg) was subjected to fission With alcoholic 
potash following the procedure already described The ketonic part was 
found to be idenUcal with 2-hydroxy-« : 4 . 6-triroethoxy-acetophenone 
The acid was crystallised from hot water using a litUe animal charcoal when 
It came out as colourless rccUngular plates and prisms mclUng at 164' It 
was identified as 3-ethoxy-4 5-dimethoxy-bcnzoic acid The mixed meltmg 
point with an authentic sample of 3-ethoxy-4 • 5-dimethoxy-benzoic acid, 
prepared as given below was undepressed (Found C, 58 6, H, 6 4; 
QiHi.Oi requires C, 58 4; H, 6 2%) 

4.5.Dimethyl galhc acid* (1 Og) was ethylated using ethyl iodide 
(2 c c,), anhydrous potassium carbonate and anhydrous acetone The ether 
ester was obtained as a viscous liquid and it was hydrolysed by boiling with 
sodium hydroxide solution (20 cc of 20%) for one hour The clear solu- 
tion was then acidified and the solid product crystallised from hot water 
when It came out as colourless rectangular plates and prisms melting at 164* 
(Found: C, 58 5. H 6 4, C„H„0, requires C. 58 4 H 6 2% ) 
Summary 

The methylation of the glucosidc, cannabiscitrm and of the aglucone. 
cannabiscetin has now been effected by a more efficient method and the 
fission products examined. As the result cannabiscetm has been identified 
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as tnyricetin and th« identity has been confimed by companson of the 
flavonol and its derivatives with synthetic samples It is noted that the 
reacrions of flavonols having the pyrogaJIol lide-phcnyl liucleus exhibit many 
sunilanties with those given by flavonols having the 5:7. S-arrangement of 
hydroxyl groups. The condensation of hydroxy-fisetoi-tnmethyl ether with 
tile anhydride and sodium salt of gaUic add yields penumethyl-myrloetin 
instead of the expected hexamethyl ether, partial demethyJauon having taken 
place in the 5 position during the course of the condendation 

Methylation of the glucoside, cannabiscitnn yields a pentamethyl 
ether which forms on hydrolysis pentamethyl cannabiscetin (myncetm). 
Aikah fission of this compound gives the same ketone as the hexamethyl 
ether. The acid part is identified as 4 : 5-dimcthyl gallic acid, thus locatmg 
the position of the sugar group deftnitely m the 3' position of the flavonol. 
This result has been confirmed by ethylating the pentamethyl cannabiscetin 
and subjecting the ethyl ether to fission with alkali Besides the ketone 
already mentioned, the add decomposition product is found to be 
3-cthyl-4: 5-dimethyl gallic add by comparison with a synthetic sample. 
The synthesis of the ethyl-dimethyl gallic acid is desenbed. 
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pMrt VIIL The Action of Acetic Anhydride on Methyl-y-RMote7*«t« 
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Departmat Ckembtry, tloyal ImOudt of Sdeoee) 

Rccmved December 14, 1945 

In continuation of the previous work of Desai and Radha,’ the action of 
acetic anhydride on methyl-y-rcsorcylate in presence of anhydrous alomimum 
chloride has been studied. This condensation affordco mcthyl-2 "6- 
dihydroxy-3-acetyl-benzoatc (I. R = CH,I and 2 . Wihydroxy-3-tcetyl- 
benzoic acid (t, R =» H) The ester and the acid both were characterized 
by the formation of 2 . 4-dinitrophcnyl-hydra«>Bcs and semicarbazoncs The 
e ter (I. R = CH,) on hydrolysis afforded fhe corresponding and R - H). 
which on decarboxylation gave resacelophcnone, thus establishing the 
structures of both the acid and the ester From the yield of the ester and 
the acid and the rate at which the reaction proceeded it was noted as expected 
that methyl-y-rcsorcylate was more reactive than its isomer methyl-^- 
resorcylate. 

COOK 



(I) 

Experimentai 


Methyl-2 . 6-dlhydroxy-3-acely!-beH2oate </, R * CH^ md 2 6-dt- 
hydroxy-3-a<xtyl-benioic add (/, R - H). FiuJy powdered anhydrous 
ahiminiura chloride (3 g.) was dissolved in dry mcthyl-y-rcsorcylate (2 g.) 
in nitrobenzene with constant shaking. Acetic anhydride (2 5 c.c ) was then 
added to the mixture slowly and the mixture kept at room temperature for 
24 hours, with an air condenser and a calcium chloride guard-tube attached 
to the flask. It was then heated for 3 hours on a water-bath and the mixture 
cooled. The aluminium chloride was decomposed by adding pieces of ke 
and hydrochloric acid to the reaction mixture and the nitrobenzene steam 
distilled The sticky paste obtained oa cooling was worked up m the usual 
manrier.with sodium bicarbonate solution (5 per cent.^ when part of it went 
into solution with cficrvesccnce, and a fraction remained insoluble. The 
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latter was washed with water and crystallized from very dilute hot alcohol in 
long gdden-yellow needle, mp 137-38® C (Found. C, 56‘9, H 4 4: 

requires C. 57 1 ; H. 4 8 per cent ) It gave an intense red coloura- 
tion with alcoholic ferric chloride and \ as very soluble in all the common 
solvents like aloohoi. acetone and methyl alcohol 

The sodium bicarbonate soluble portion was acidified with hydro- 
chloric acid, and extracted with ether, when pale yellow micro-crystals were 
obtained on the evaporation of the solvents, mp 210-12“ (Found: C, 
54-8; H, 4 0: C,H,0, requires C, 55 1 , H, 4 1 per cent 1 It gave effer- 
vescence with sodium bicarbonate •■olution and a wme-rcd colouration with 
alcotaolio feme chionde 

The 2 • A-^itrophmvI-hvdrazcme prepared in the usual manner crystal- 
lized in orange-red micro-crystals from glacial acetic acid m p 293“ (decomp ) 
(Found: N- 14 2, C,«HuO*N« requires N, 14 4 per cent) 

The Femicorbatone prepared as usual, crystallized in very pale-yellow, 
shiny micro-crystals from boiling alcohol, m p 273* (decomp ) (Found : 
N, 15 4, CnHuOiN* requires N, 15 7 percent.) 

2:Mihydroxy-iHicetyUbenzoteoc!d{I, Methyl 2: 6-dibydro»y- 

3-aoetyl-benzoate (0 3 g ) was hydrolysed in alcoholic alkaline solution in 
the usual manner The solid obtained on acidifying with hydrochloric acid, 
was purified through sodium bicarbonate solution (5%) The yellow sohd 
obtained on acidification with hydrochloric amd was washed and crystallized 
from dilute hot alcohol in pale yellow micro-crystals, m p 209-10°. Mixed 
melting point with the previously obtained acid was unaltered. 

Decarboxylation of 2 : b-dihydroxy-'i^etyl-bznzoic acid (0-2 g.) by heat- 
ing in a sealed tube with acidulated water (10 c c ) at 160-70“ for 5 to 6 
hours yielded a sticky paste This was triturated with sodium bicarbonate 
solution and the insoluble portion crystallized from alcohol m yellow needles, 
mp. 145-46“ Mixed melting point with an authenUc specimen of 
rcsacetophenone was undepressed. 

Summary 

The action of acetic anhydride on methyl-y-resorcylate m pre- 
sence of anhydrous aluminmm chloride afforded methyi-2 6-dihydfoxy- 
3-aoetyl-benzoate and 2 : 6-dihydroxy-3-acetyl-benzoic acid. 

RsmEMCB 

1. Dswi sad Radhs . Avc. M. Acad Set, IMO, 11 A. M 
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A TENTATIVE mechanjsm for this reaction was proposed by the author* and 
this was subsequently modified* so as to bring the thermal mechanism in 
line with the photochemical change Since then, further work has shown 
that an examination of the results with a suitable reaction rate equation 
based on the mechamsra is necessary and this constitutes the subject of the 
present communication 

A homogeneous catalysed reaction such as the ones under consideration 
can involve activation of one or both of the reactants by the catalyst. Any 
derivation of the kinetic equation has to consider both alternattves The 
process of activation may involve the communication of the activation energy 
effectively to the molecules that would otherwise acquire it only very slowly 
and the molecules thus activated may react only after some interval durmg 
which they are liable to deactivation As postulated in the tentative mecha- 
nism, the catalyst may remain associated with the reactant as a complex which 
undergoes the reaction. The various processes taking place and the con- 
centrations involved arc collected in Table I 


Table 1 



• Now at Ungaraj College. Bel«ium 
At 
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If the conccntratKMt of the catalyst is c, wo get for the stationary con- 
centration of the activated nwrfecules the relation : 

fcjlllf — JtifliOt “ ® 

k^iC — ktfliat — k^^ - 0 . 

From these two simultaneous equations, one gets 
«i’+ «i (kjkt «i - kjktj - {kjkt kjkttiic) - (kjk^^ ° 0 
Neglecting the last term which involves neither the catalyst nor the 
reactant 1 and taking only the positive root of the quadratic for Oi, the 
reaction velocity equation 

dxldt ‘^kgUiOt 

becomes 

(Ixidt - kjcjct Hiit^lkjctc + kikititi. 

Applying this to the Olefin c-Bromine reaction catalysed by hydrogen bromide 
we have 

dxldt -= kiktki [Olefine! (Bromine! 

If one considers, however, that only one reactant gets activated by the 
catalyst, we get for the stationary state 

kiitiC — k^tC — kiftitit “ 0 

and 

dxldt = ktaiitt + kjcittitt^lk^ -f k^i. 

This gives for the present reaction 

dxjdt = Ml (Olefine! [Bromine! (Hydrogen Bromide!/*, [HBr! *, (Olefine! (2) 
Expressing the hydrogen bromide concentration as a molefraction of the 
bromine concentration, /, equations 1 and 2 may be rewritten 

dxldt - *,*,*, [Olefine! (Bromine! ^ O) 

dxldt *1*, [Olefine! [Bromine! [01efinc!/(Brominel (4) 

If olefine and bromme concentrations arc chosen to bo equal and the 
coeftkauits of / be unity, both expressions lead to an identical one of the type 

dxldt =• k' [Olefine! (Bromine! 

Obviously this assumption cannot be valid in ail cases but one may expect 
that in every instance, a range of catalyst concentration may be found where 
this bolds good. Further, the expression will be reduced to a simple 
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bimolecular type f *“ Equation (4) will be 

similarly reduced to this type if the reactants arc imtiaUy at the same cop- 
centration and / ■= 1/1 - It has been observed that the introduction 

of activating groups reduces both the period of induction and influence of 
the catalyst on the rate of the addition reaction ( ). One may expect, 

therefore, for each olefine three different stages in the catalysed reaction' 

1 The reaction is represented by the full rate equation (3). 

2 The reaction is represented by the rate equation (5) 

3. The reaction gives a bimolecular constant 

Evaluation of all the constants in the lull rate equation is not feasible 
with the existing experimental data but the general validity of the concepts 
may be seen by examining the figures for crotonic acid (Tables 11, III and IV) 
The three tables present data which correspond to the different stages 
mentioned in the foregoing para in the order given The experimental work 
in the earher parts of this work has shown that though the determinmg factor 


Table 11 

Coocentnuon of Okflo* • Coacentnition of Bromine M/15 , Conctntrelion of 
CaUlyai (HBr) t*OS moles % of Br 


Resctlon * 

Rate CoDitant mole/mid.-* 

1 calculated nsing E4n. 8 

Kate Constant molB/mln*** 
Bimolecular 

to 

90 

95 

1 i 00# 1 

1 sae 

2 868 I 

3 IIS 

0 01118 

0 0221 

0 0238 


Table III 


Concentrstion of Oteaoe - Concenuatlon of Bromine M/15 . Concentration of 


Caliiyat (HBr) 2>I0 moles % of Br 

1 

Rate Cmittant oellig IcqaaUQn S 
j molos/aalii -• 

Rale Lan>tant, Bimolecular 
molca/mln ‘ 

10 


0<0102 


1 37 I 

0‘02S8 
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TABLh IV 

Centemraiion of Otoflne Conconuatlon of Bromine M/IS. Concentration of 
Catalyn. (HBr) 6 90 mote % Br 



in the reaction is the ratio between the catalyst and bromine, the dual acti- 
vation of the double bond, viz., the internal group influences and the external 
catalyst influence, has to be recognised and though equation 5 and the 
bimolecular equation can both be derived ffom the simpler set of reaction 
the more complete one is to be preferred 

Since in every case the limiting reaction is a bimolecular one,* the limiting 
value of the velocity constant will be proportional to ^ ^ ^ Each 

of these constants being specific for a reaction different catalysts may be 
expected to lead to different limiting values of the velocity constant Also, 
the catalyst-bromine concentration ratio for each of the stages may not be 
the same. The following data obtained with ipdmc monochloride as catalyst 
and crolonic acid as the olefine illustrate this point. 


Table V 

Olcflne and Biominc cooccnlralions M/15 



•Not* Robertion and co-workera (J C S , 19«. Il9 *c ) at higher uoflcentntllona gel the 
rtaction ai termoteculir. ThU it considered in a Utcr part. 
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The applicability of the equation to other compounds and the influence 
of substituent groups are considered in the next port 

Summary 

A kinetic equation has been denved for a homogeneous catalysed 
reaction in which both the reactants of a tnmolccular reaction are activated 
by the catalyst and the equation applied to the reaction between crotonic 
acid and bromine catalysed by hydrogen bromide The variation of rate 
with change of catalyst is also mdicated 

Rehrincfs 

1 Ananlukrishnan ana Venkairaman J i S , IV3V, 224 

2 Chrm Reviews , l»43 33, 52 
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In Part I of this series it was observed that the induction period and the mini- 
mum concentrauon of catalyst needed to climmate ihis varied with the olefine 
and a hypothetical curve was drawn correlating these • The kineuc equation 
derived in Part IV (preceding paper) must be consistent with this observation 
if It is to be a general one Two similarly substituted trans ethylene deriva- 
tives were chosen for ihis study, fumanc acid and stilbcne The choice of 
these was detertnmed by the following Oonsiderations In dealmg with a 
reaction involving the pokrisability of the double bond, the complication 
of dipole moment influence has to be minimised and symmetrically substi- 
tuted trans compounds present the obvious choice. An increase m the 
number of activating groups attached to the doubly bound carbon leads to 
a very fast reaction which renders accurate experimental work difficult with 
available equipment Alpha-beta unsaturated acids have been shown by 
Kharasch* to be free from the complication of a peroxide effect Phenyl 
ethylene reacts faster than ethylene but one may expect the symmetrical 
diphenyl ethylene to be less reactive through the opposing influences of the 
phenyl groups The deactivation, however, cannot be as great as with the 
two carboxyl gioups. Combining with the earlier observations, it was 
e:qx«ted that a more exact torrdation between activation and catalytic 
influence could be obtained The results of the kinetic investigations are 
given below (Figs 1 and 2) (Tables I, IT. Ill, IV, V and VI). 

* Now at Liniaraj Collc»e, Belfamn, 
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I, Uncatalyed Reactioa. 

II. III. IV CiUlyKd iwctkMW «l 35*3 C., 43* SC ainJ 30* 6C 



Fm. 2 

L Uncfttalyiod RMCtion. 

B. BI, IV.O|l«Iy»*4 •« 35*5C,43*C anil SO*-35C 
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Table I 


Concentrstlon of Futnaric acid* , Conoentrailon of Bromine M/30 , Concenhatlon of 
Hydrofen Bromide II 01 moles % of Bromine , Temperature of reaction : 35’-5 C 



• Nott -After wnting up this paper, the authors lame across the work of P W Robertson 
j .oktyk noH hsnivns to he one of the comnounds studied The bearing of that 


on the present work will be considered in a later communication 

Table IT 


Concentration of Fumaric acid . Concentration of Bromine M/30 . Concentration of 
Hydrogen Bromide 1 1 01 moles of Bromine , Temperature of reacuon 43“ C 



Table HI 

Coocentralion of Fumane add . Concentration ol Bromine M/30 , Concentration of 
Hydrogen Bromide 1 1 01 moles % of Bromine . Temperature S0“ 6 C 



The thermal reacuon between Slilbenc and Bromine is a fast one and it 
was found that a concentration of M/30 the reacuon was completed in less 
than half an hour To bring the speed of the reaction within measurable 
control, it was found necessary to work with concentrations of }AIW^ 


31S 


The /Ctneetcs of the Otehm’Brornvne React mh — V 
Table IV 


CoAcentralion of Trans-Sidben* ; Conconfratioii of Bfomlne M/tfOO , Ci^ntnKlon o. 
HvdrogM Bruoiide II 01 moles % Bromine i fompcralurc 35* SC. 



Table V 

Coneentraiion of Slilbene , Concentration of Bromine M/5'iO . Concentration of 
Hydrogen Bromide 11-01 % of Bromine 





Id 08 
18 18 
18 17 


Table VI 


(All value* refer to 35 SC.) 


Keociing CXennc 


Ciotonic acid 
rigllc sold 

Dlraatbylacrylic acid 
Fumaric add 
Allyl Chloride 
,, Bromide 
StUbene 



Velocity Constant ” 

0 038 

0 78 

U OOSO 

1 n 
0-72 

0-ro (esUmated) by 
extrapolation 


It will be noticed that fumaric acid gives a reasonable “ bimolecular ’ 
constant only at about 50° C even though the proportion of catalyst is the 
as that used in earlier expet^ments. On the other hand, stilbene ai 
5 can be considered to behave equally well by the use of Equation 5 o| 
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the bjmolecular rate ei)uation and at higher temperatures gives a go<^ 
bimolecular constant Qualitatively, therefore, one may condude that the 
minimum concentration of the catalyst required for giving a “ bimolecular ” 
constant is greater in the case of an olefine with deactivating groups than that 
of one with activating groups, the limiting value being reached earlier in the 
latter case. 

To get a better picture of the role of activating groups, one can compare 
the limiting value of the constants where possible with the induction periods 
observed or what probably amounts to the same thing, with the minimum 
concentration of catalyst required to give a bunolccular constant 

If one were to plot the values of the “ velocity constant ” at comparable 
coricentrations against the induction periods, a curve asymptotic towards 
both axes can be obtained but the expcnmcntal values for the purpose has 
stdl to be obtained. The figures in the table (Table VI), however, clearly 
show the trend expected 

One may then justifiably cousidcr that the rate equation d^^ived in the 
previous part (IV) fits in with the behaviour of both structural influences 
and catalytic influences. 

In Part I of this senes* it was observed that the experimental observa- 
Uons of Williams’ on the addition of bromine to ethylene in carbon tetra- 
chlonde solution showed the charactcnstics of a chpiii reaction and that the 
per cent, reaction-time curve could be represerited by the rdation of 
the type: 

■*1 +e-*» 

It was anticipated then that m the non-polar solvent there is a likelihood of 
a heterogeneous reaction complicating the interpretation The recent 
observations of Robertson and co-workers appears to indicate the presence 
of a definite heterogeneous reaction in this solver.t All observations m 
acetic acid, however, indicate that the reaction in this polar solvent is 
definitely homogeneous. While the polar solvent car. function as an activating 
medium for the reaction, in the case of olefines where deactivating groups 
arc present and where the conoenttation of the added external catalyst Is 
not adequate, the competition betweoa the aoetanion and the bromide ion 
in the latter steps in the rcacUon may slow down the rate and the reaction- 
time curve simulates one of a degenerate branching chain. This anticipation ia 
borne out by the vncatalysed addition to fuparic acid at C- (Pifi* 3>- 
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I. Theoretical. II Expetimenul 

Strict conformity between the theoretical and experimental values may not 
be expected in the initial stages of chain developmwit but the coincideaco is 
nonetheless striking. The maximum value of the reaction rate is reached 
when about 50% of the reaction is over, again, conformmg to Semenoff’s 
generalisations on degenerate branchmg chains.* It is expected that further 
work m progress will reveal other similar instances 

A word of explanation is necessary for the choice of an aryl ethylene in 
the investigation Competition experiments had shown* that the mtroduc- 
tion of the phenyl nucleus activates the double bond. From the genesis 
of the T-effect, that the location of two groups of this class of substituents 
may bo expected to neutralise each other’s influence, especially if the trans 
form were chosen Unpublished observations of one of us in the competi- 
tion experiments (S V A) indicated that this does not take place. The 
present investigations also show that the double bond is definitely activated 
even with two phenyl groups symmetricatly located 

ExrERIMENTAJ. 

The reaction velocities were measured by the usual methods as described 
m Part I, the same accuracy m thermostat control being maintained. 
Bromine was prepared by the method described by Anantakrishnan and 
IngoW* and its purity tested by the criterion indicat^ by one of us.’ Pure 
Pumaric acid (Kahlbaum’s) was repeatedly recrystallised from alcohol to 
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constant mdting point 290’ C in a sealed tube, The substance was stored 
in a vacuum desiccator till used 

Stilbene was prepared from bcnzom by the method of Ballard and 
Oehn* and the pure trans form used in the investigation. 

Summary 

A study of the reaction between bromine and fumaric acid and bromine 
and stilbene brought out clearly the validity of the rate equation dcnved in 
the previous part The uncatalysed addition reaction of fumanc acid 
exhibits the characteristics of a degenerate branching chain. 
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klNEtlCS OF THE OLEFINE-BROMINE REACTION 

Part VI. Further Consideration of the Arrhenius Parameters 
By S V Anantakrishnan 

IDtparlmenl of Chemistry. Madras Christtan College, Tambarum) 

AND 

R Venkatraman* 

lAimamalal Vmverslly') 

Received April 17, |94S 

It is well known that in the treatment of any kinetic problem the activation 
energy is a factor of fundamental importance In any reacting system, the 
reactants and products represent sWtes of minimum potential energy, while 
the transition state must be a maumum in between these Unuts of minima. 
The reaction involves the breaking of bonds and the formation of new ones 
and the work done in the process constitutes the activation energy When 
the reaction of a senes of similar compounds are studied, the principal 
difference that may be expected is in the activation energy. One cannot, 
however, consider the variation in the other Arrhenius parameter negligible 
as has been demonstrated by the work of Hinshelwood and co-workers •' ’’ • 

Though the number of compounds investigated in the present series is 
as yet small, one has still to consider these parameters as the influence of 
substituent groups on these is of considerable diagnostic value and is of 
greater significance than any measurement of velocity constants at a single 
temperature Since the reacuon m question involves the change of a double 
bond to a single one, rupture of the bond between the atoms of the bromine 
molecule and the formation of carbon-bromine bonds, one may expect a 
more or less constant frequency factort while the activation energy shows 
systematic variations. The results of evaluatmg these and the Log k/l/T 
curve used for the purpose are given below in Table I and Fig. 1. 

An examination of both the figure and the table clearly shows that 
substituents alter both the energy of acUvation and the frequency factor 
The activaUon energy m its turn can be further analysed into the bond energy 

• Now at UngaraJ College, Belgaum 

t The quanwy or (he Arrhenim cquaiioo which It epproxhnaiely tT/A and hence bu the 
cUmensione or frequnecy Thu term Is prclerrod lo ibe older ‘ probability factor 
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TABtE 1 



fCty to munbtr$ . I Crotonk: »dd 2 Tlillc »cld 3 Dimethyl aorylie «.ld < Fumaric 
acid. 5 Stilbeoe. 

and repulsion energy and substituents can alter either or both of these. 
Hinshelwood, Laidler and Timm* from a study of the same reaction in a 
senes of aromatic compounds Bnd that the changes occur only in the bond 
energy. A difference may. however, anse in the present type of reaction 
ansmg pnmarily from the nature of the olefin. 

The ground state of an olefine results from resonance among the 
structures 
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and forms and 0, will have identical energies only in the case of symme- 
trically substituted ole&ies AddiUve reactivity depends primarily on the 
opening up of the double bond and will naturally depend on the relative 
contribution of the different structures which in its turn determines the bond 
energy as well as the repulsion energy With unsymmetncally substituted 
olefines the contnbuUon by the ionic structures can be quite appreciable 
and vdien this is combined with the presence of groups that faciUtate 
reaction with electrophilic reagents on account of their influence on the state 
of pobrisaUon of the molecule, the activation energy can be substantially 
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lower than that for the unsubstituted ethylene No expertalental data is 
available at present for the activation energy, for the reaction between ethy- 
lene and bromine but Sherman** usmg Eyring's method* has evaluated by 
using the transition state method that thu has a value of about 23 Kcal 
The expectation is substantiated by our values for the monobasic acids 
studied. A similar reduction in activation energy can be expected with 
substituents of Class 7 (± Tt* which can stabilise the carbonium ion of the 
first stage of bromine addition even if symmetrical disubstitutcd compounds 
are considered. The results with stilbene clearly bears this out. 

On the other hand with deactivating groups, an increase in the activa- 
tion energy is offset by the resonance energy, so that even with symmetrical 
disubstitution products hkc fumaric acid, the observed energy of activation 
IS not far from the calculated value for ethylene itself 

A dose examination of the log fc — 1/T curve of the first three com- 
pounds in the table reveals a definite change of slope below 25® C , indicating 
that the reaction is a composite one * The very low value for the activation 
energy in the lower temperature region suggests a termolecular reaction 
changing over to a bimolecular one at the higher temperatures. This 
feature appears to be independent of concentration changes as may be noticed 
from the fact that this results only in a parallel shift of the log k - 1/T curve. 
(Starred figures m the figure refer to higher concentrations ) The observa- 
tions of Robertson andco-workcis** with a number of olefines at 23° C. then 
becomes quite understandable Considerable variations in rate constants 
can be accounted for solely by changes m activation energy but our present 
data are inadequate for a complete analysis Mention should, however, 
be made here of the pronounced catalytic effect of hydrogen halides (or more 
accurately by hydrogen ions) The calculations of Polanyi>> ** have shown 
that the proton afiSnity of ethylene is of the same order of magnitude as that 
of water and as such association of a proton prior to the addition reaction 
can be expected to facilitate the diange by providmg a seat of attack. A 
corollary to this one has to eiqpect that attack by nucleophilic bromine will 
not be facilitated by the same catalyst 

Turning now to the other parameter, namely, the frequency factor, a 
normal second order reaction requires a value of the order of while the 
values m the table show considerable variations from this. A point of parti- 
cular interest is the fact that fumanc acid appears to react much faster than 
It should (a Mmolecular reaction with an activation energy of 20 Keal. 
should give a rate constant of the order of lO"** with a frequency factor of 
Doimal value but observed values are much higfam'. The remaining four 
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compi^tuuls react with bromine at rate* that bring them under the category 
of “ slow ” reactions. This is only to be expected when one considers the 
nature of the reaction. For the reaction to take place, encounters have to be 
made between molecules possessing the requisite activation energy. Secondly, 
the initiation of attack is by an electrqphihc reagent. Further, the encounter 
between the reactanU must be in the right phase m the region of the double 
bond. As a first approximation, one can consider that the ratio of the 
number of effective collisions, z*, to the total number of collisions calculated 
in the usual manner, z, will be proportional to the area of the strip cut on 
the spheroid of the dimensions of the molecule by two parallel planes per- 
pendicular to the direction of the reacting bond, a,, to the total area of the 
surface of the spheroid, a. Taking the surfaces as functions of the square of 
bond distance r> and major axis of the ellipse r„, we have 


Takmg mto account the fact that the rate determining step in the reaction 
involves only one of the two doubly bound carbon atoms, this ratio should 
be halved m the present case AH the compounds studied here have major 
axes of the order of 6 - 11 A while the carbon-carbon double bond dbtence 
is only 1*33 A. a consequence, the frequency factor may be expected 
to be reduced from 10* to about 10*, a value not far from the ones obtained.f 
A further complication that one has to consider m the study of unsatu* 
rated compounds of the polysubstitutcd olefine group is the isomerisation 
of tranz compounds to the ci* form. This complication is absent only m 
the case of ^jS-dimethylacrylic acid in the present senes. Unpublished 
observations of the authors indicate that (Iz crotonic acid is less reactive 
than the tnmz while maleic acid is considerably more reacUve than fumanc 
acid. U IS well known that halogens facilitate the intcrconversion of these 
sterwisomcnc forms* •• and this can easily account for the observed ano- 
malies in the frequency factor. Another contnbutory cause for reduction 
10 the frequency factor is the composite nature of the reaction 

In i number of reactions, a close correlation is observed between log 
PZ and and a similar relation^p may be looked for m the present 
reaction also. For the sake of comparison the product of these two quanti- 
Ues has been Uken for Table II. 
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Tablb II 



It will be observed that the product ts constant within the limits of experi- 
mental error, the exception being provided by fumanc acid The signi- 
ficance of this can be considered only after a fuller investigation. 

SUMMARY 

An analysis of the Arrhenius parameters for the addition reacuon indi- 
cates that the reaction is a composite one and of the “ slow ” type The 
influence of substituenU on the energy of activation and on the frequency 
factor IS discussed and the abnormal values of the latter are account^ for 
A close correlation is also noticed between the two 

One of the authors (R V) thanks the authorities of the Annamalai 
Univershy for giving the necessary faciliUes for experimental work. 
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CHEMICAL EXAMIHATIOH OP THE 
BARK OF ALANOWM LAMARKII THWAITES. 
ISOLATION OF THE ALKALOID ALANGINE 

By DHARAM BaL PARtHAR AND Prof Sikhibhushan Dutt 
(ChenUttry Dtpartment, DtBti Vnluritty) 

Rccelvad Jinoary 26, IM6 

Akmgiwn l/markii or Ankula as it is known m Bengali and Sanskrit, and 
Akola in Hindi, is a small handsome evcrp-cen tree belonging to the Natural 
Order of Alangiacese It is met with throughout India, often growing Wild, 
but sometimes cultivated as an ornamental garden plant for the beautiful, 
narrow, oblong and prominently reticulated leaves and white wax-like 
glossy flowers It is particularly abundant m Chota Nagpur, Onssa, Andhra 
districts, Central Provinces, United Provinces and South-Eastern Punjab. 

The plant is highly medicinal. According to Kirtikar and Basu,* the 
root u acrid, bitter, slightly pungent, heating, anthelmintic, alterative It 
cures erysipelas, biliousness, inflammations and snake bites and acts like 
a fish poison. The bark is emetic, alexipharmic and cures cough, rheumatism, 
pam, inflammations, biliousness, diseases of the blood, hydroj^obia, rat- 
bite, lumbago, dysentery, diarrhcta and worms. The seeds are cooling, 
aphrodisiac, indigestble, tonic, nutritive and laxative They cure burning 
sensatioiis, consumption, bsemorrhage, bihousncss, erysipelas, cough and 
loss of appetite. They have also a reputation in the cure of leprosy. 

The seeds of the plant have already been worked out by Bhargava and 
Dutt,* who isolated from them an interesting sterol having a molecular 
formula C4,H,«Of, which they named ‘ alangol ’. Very little fixed oil was 
found m the seed and no other consutuent could be detected 

The bark of the plant has not yet been properly worked by anyone. 
Dymock* has reported the presence of an uncrystollisable alkaloid which 
could not be obtamed in a pure form According to him all the salts of the 
base are uncrystallisable. On ignition, the platinum salt gave 20 70% of 
pla tinum from which the molecular weight of the base was found to be 
265-9. No further work has been done by any tme on this subject. 

The present authors working on the bark of the plant have been able to 
isolate an alkolt^ crystallising m glistemng, yellow prisms and melting at 
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205-08® C The molecular formula of the subrtance which has been named 
‘ alangme ’ was found to be C»H»0,N. and it bdiaved like a mono-acid 
bate witii one medioxy group. There was an indicatkm of an alcoholic 
hydroxy group due to the formation of acetyl and benzoyl derivatives, but 
they did not give good analytical results. 

Alangme is strongly basic in nature and forms weU-defined and crystal- 
line hydrochloride, iodide, oxalate, tartrate, nitrosatc and lodomcthylate 
It IS a tertiary base but does not contain any > N-CH, group as by Herzig 
and Meyer’s method no indication of such a group in the molecule was 
obtained. 

Alangme is present in the bark of Almghm Lamarkii to the extent of 
0- 1%. The bark besides containing alangme also conUms a fair proportion 
of colouring matters, potassium nitrate, gum, etc Fresh hark hM been 
found to contain a greater proportion of alangme than the bark which has 
been stored for some time. The chmical prc^rtics and reactions of 
alangme correspond to no known alkaloid. So it must be a new compound. 

Experimental 

Extraction of the bark with d^erent solvents 

20 gra. of the finely powdwed bark were extracted with different 
solvenU in a Soxhlet’s apparatus, the solvent evaporated and the residue dried 
to a constant weight The percentage of the extract by each solvent is given 



1505 
1398 
8 22 
2-96 
3 01 
115 


In each of the above extracts the reactions of an alkaloid was given by 
all the alkaloid reagents. The extracts were also extremely bitter m taste 


JsoUuion of the aikaloid 


200 gm of the air-dried powdered bark were repeatedly percolated 
with acidulated water (0 5% HQ) at the ordinary temperature until die last 
extract obtained did not give any appreciable precipitate with DragendoifTs 
reagent. The extract gave die following reactions with various alkaloid 
reageato:— 
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(1) DmaeodortTi reagent . , Thick orange precipitate. 

(2) Wagner's reagent .. Thick brown precipitate 

(3) Meyer’s reagent . , Deep yeUow precipitate. 

(4) Phosphotungstic acid . . Bri^t ydlow precipitate. 

(5) Phosphomolybdic acid . . Tbick ycUow precipitate 

(6) Platinic cWonde . . Yellow precipitate. 

(7) Auric chloride .. .. Yellow precipitate. 

(8) Tannic acid . Buff coloured pr^pitate. 

(9) Picric acid . . Yellow crystalline precipitate. 

(10) Chromic acid . . • Yellow-brown precipitate 

(11) Sodium carbonate .. Ydlow precipitate (Free alkaloid). 

(12) Cone. Sulphuric acid . . Light brown colouration. 

(13) Luchmi’s reagent . . Yellow-brown-violet-green. 

(14) Erdmann's reagent . . Violet-orange. 

(15) Cone. Nitric acid .. Light violet 

(16) Frode’s reagent . . . . Violet, changing to yellow. 

The total extract was neutralised with dilute sodium carbonate and the 
resultant thick yellow precipitote filtered off. washed With Water and dned 
in the air. It was then extracted With hot ammomated alcohol (0 5%) and 
the extract after neutralisation with acetic acid, evaporated to a syrup under 
reduced pressure The syrupy material was then extracted with ethyl acetate, 
and the ethyl acetate extiact after concentration, precipitated with a mixture 
of ether and petroleum ether (2 • 1) The resulting granular yellow precipitate 
was filtered off, washed with petroleum ether and then further purift^ by 
rqieatedly dissolving it m chloroform and reprecipitating with ether The 
purified alkaloid urtiich was thus obtained as a bright yellow powder was 
finally crystallised from a mixture of chloroform and ether and the process 
repeated a number of times until no further rise in the melting pomt was 
noticed. The base was thus obtained in the form of glistening yellow elon- 
gated prisms melting at 205-08” C. with decomposition 

It is sparingly soluWe ui cold water but more so in the hot. It is easily 
soluble in alcohol, ethylacetatc, acetone, chloroform, carbon disulphide and 
pyridine but is quite insoluble m benzene, ether and petroleum ether. An 
aqueous soluuon of the alkaloid is extremely bitter to taste and is family 
basic towards htmus, phenolphthatein and methyl-orange. The substance 
k optically active, showing “• + 9' in alcohol. A microifiiotograph 

of file slkalokJ is given showing its finely crystalline form. Found: C « 
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75 92. 76 02%; H -8 54, 8 48%; N -4-75, 4-82% (DuraB'i); 4-47, 

5 04% (Kjeldahl); M.W. -296,304,297 (Raifj CamiAor method^; 
307,297 (Ebulhoscopio m Chloroform); 297-6, 292-3 (igmtion of the chloro- 
platinate); 290 -6, 304 -0 (igmtion of the Chloroaunate) ; C„H»0,N requires 
C -76 25%, H -8-36%, N -4-68%; M.W. -299 

The alkaloid contains one methoxyl group m the molecule. (Found: 
OCHj — 10-45, 10 25, 10 42 by Zdasel’s method CmHmON OCH, 
requires CKIH, - 10-36%.) The absence of N-methyl was confirmed. 

Preparation p/ the salts of the alkaloid 

Alanglne hydrochloride^Tho hydrochloride of the base was prepared 
by dissolving it m alcohol and treating With a slight ewMis of warm alcoholic 
hydrogen chloride On cooling and adding a little ether to thq solution, 
the hydrochloride was obtained as yellow crystalline prisms, melting at 
264° C It is easily soluble in water and ordinary organic solvents except 
benzene, ether and petroleum ether. (Found: Cl —9-94; Ci»HhO|N 
HQ requires Cl =10 -58 per cent.) 

Alanglne jujaho/e — This was obtained by adding aJcohoiic sulphuric 
acid tp an alcoholic solution of the base, and diluting the mother-hquor 
sh^tly with ether. The sulphate came down as a light yellow powder 
ipplting at llg° C. IV salt is sparingly soluble in cold water but la readily 
soluble in alcohol, chloroform apd acetone. It is insoluble m ether, benzene 
and petroleum ether. (Found: S— 4*59, 4 71; (C,|H|iOsN)i H|SO« 
requires S »4-6()%) 

Ahngtne nitrate,— Tius was obtained in a similar way as the hydro- 
(Aloride and the sulphate, from aiangiiie and alcoholic nitric acid It is a 
y^low cryStallme powder melting at 176° C. Ihe properties of this sub- 
stance are similar to those of the other inorganic salts. 

Alangme iodide —To a hot aqueous solution of the chloride wa> added 
a concentrated solution of potassium iodide The iodide separated as a 
deep yellow crystalhnc precipitate. It was recrystalUsed from ether-alcohol 
mixture lu the form of yellow prisms melting at 178*C with decomposition 
The substance is sparingly soluble in water but readily in alcohol. It is 
insoluble in ether and petrol ether. (Found: I -29-38; CuHnOtNHI 
requires I -29-74%.) 

Alanglne acetate, tartrate and oxalate.— Theta were prepared by the 
action of alcoholic acetic, tartaric and oxalic acids on alcoholic solutions 
of alan^. They are all yellow, crystalline subitanoes with propertica 
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similar to those of the chloride. Alsmgine acetate melts at 202“ C , tartrate 
at 220“ C. and oxalate at 89“ C. 

Akmgkie picrate.— To a solution of the base in dilute hydrochloric acid 
was added a saturated aqueous solution of picric acid when a light-yellow, 
crystalline powrder came down This was recrystallised from ether-alcohol 
mixture in ghsteiung flakes, melting at 84* C. It is soluble in alcohol, chloro- 
form, ethyl acetate and acetone and sparingly in benzene. It is insoluble 
in ether and petrol ether. (Found: J4 10‘34, C|tHgtO(N4 requires 
N =» 10-60%.) 

Alangine-lodomethylate -To a solution of the base (1 gm) in chloroform 
(3 c c ), methyl iodide (1 c c ) was added and the mixture strongly cooled 
On allowing to stand for about two hours, a deep yellow crystalline substance 
separated out This was filtered, washed with chloroform and dried under 
vacuum at room temperature (21* C) It melts at 201“ C with decomposi- 
tion. (Found. I «-28-53; C»H„O^I requires I -28 -79%.) 

The quaternary salt is very soluble in water and alcohol, but the solu- 
bility decreased in the order— ethyl acetate, chloroform, acetone and benzene. 
It IS completely insoluble in ether and petrol ether. 

Summary and Conclusion 

1. From the bark of Akmgium Lamarkti Thwaites, a new alkaloid 
has been obtained crystallising in .long yellow glistemng pnsms. mp 205— 
08“ C The molecular formula of the alkaloid has been found to be 

This has been named “ AlaNOINB ” 

2. The alkaloid has been found to be a monoacid base containing one 
methoxy group but no > N -CH, group. 

3. The alkaloid which is dextrorotatory easily gives crystalline saltt 
with organic and inorganic acids and the hydrochloride, suljAate, nitrate, 
iodide, acetate, tartrate, oxalate, picrate and lodomcthylatc have been pre- 
pared and described 
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COLOUR IN RELATION TO CHEMICAL 
CONSTITUTION OP THE METALLIC 
DERIVATIVES OF ISONITROSODIPHENYL- 
THIOBARBITURIC ACID 

By Inder Raj CAtiBHm and Rajendra Pal SWoh 

Dfperimm, Mhl Vidftnlly) 


VKA.VUC AOp and Its highly coloured organic and uiorganic salts have been 
investigated ft®® tl'* of view of colour in relation to chemical consti* 
tution by large number of workers. Hartley,* Hantzsch,* Meek and 
Watson* have shown that the greater the basic character of the base, the 
greater is the intensity of the colour of the salt formed 

The next interesting work in this connection was done by Lai and Dutt* 
who took up the study of isonitrosothiobarbituric acid or thiovioluric acid 
which was prepared by them for the first time by the action of nitrous aad 
on thiobarbitunc acid. The alkali and organw salts of this compound were 
found to be highly coloured substances, far more so than the corresponding 
salts of violunc acid, which was due to the introduction of a sulphur atom in 
place of an oxygen atom. The effect of sulphur on the colour of the organic 
compounds and dyestuffs was previously noticed by Purvis, Jones and Tasker,* 
who noticed that the thjo-oxalates of alkalies arc yellow in colour whereas the 
corresponding oxalates are colourless. Further Lai and Dutt examined the 
absorption spectra of thioviolurates and also the dissociation constants of 
a number of them which were soluble in water, but on companng the results 
thus obtained, they came to the conclusion that the colour of thioviolurates 
is not mtinwtely connected with electrolytic dissociation and in fact, mtense 
colours were possessed by compounds which were altogether insoluble in 
water or hydroxylic solvents and whose absorption spectra had to be deter- 
mined in acetone or chloroform solutions. 

As a result of the work of Lai and Dutt on thiovioluric acid, Prakash 
and Dutt* thought that any ftmher loading of Ae molecule of virdurk acid 
by heavy substituents might lead to further aixientuatkm of colour. They 
prqiared sym-dipbenyl-violuric acid and showed Aat Ae organic siltt 
derived from weak bases like pyridine and aniline have ctdours no leu 
intense Aan the alkali salts. The pouibiUty of molecular lonlution having 


330 



Colour M lUlatim to CktmictU ComMmtian of Motaliic DtrtvaHvu 331 


been ruled out, the most reasonable ejqrfwiation of the origm of colour in 
these compounds was thought to lie in a AindamentsI change in the consti- 
tution of the nudecule on salt formation in accordance with the theory of 
colour on the basis of molecular strain advanced by Dutt.^- • 

The present authors prepared the inorganic salts of dipheoyl-thio- 
violuric acid and found accentuation of colour in accordance with the above 
theory. The deling of colour during salt formation lies in a change in 
the structure of the molecular from the oximino-ketonic to the mtroso- 
enolic form which is more strained according to the theory of colour on the 
basis of molecular strain, advanced by Dutt. The organic salto of diphenyl- 
thiovioluiic acid have already been worked by Dass and Dutt.* 
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Theoretical considerauons show that the metallic salts of diphcnyl- 
thioviolunc acid are probably of the nature of internally complex compounds. 
The acid molecule in its nitrosoenoUc form contains one replaceable hydrogen 
which IS replaced by the metal atom during salt formation. 

The possibibty of inner complex salt formauon arises wherever acidic 
and donor functions (such as ammo, carbonyl, etc,, groups) are suitably 
placed in the same molecule, le., in 1:4 or 1:5 position to one another. 
This is the case with diphenyl-tbio-violurio acid where mtrogen atom of the 
nitroso group can act as a donor and bring about rmg-formation Their 
stability, low melting points, solubility in organic solvents also support the 
view that they are inner complex salts. The salts of bi and tnvalent metals may 
be given the following general formulae where M is the metal atom:— 



\c.k 

ExpBunreNTAt. 

PnptttotUm of d^hetykhloviolurte aekL-^K mixture thiocarbtnilide 
(to gm.), malonic acid (6 gm.) and aoetyl chloride (9 ex.) was heated on a 
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water*bath under reflux for about half an hour. The aolid ydlow maw was 
broken up, ground with water in a mortar, filtered, washed, dried and 
crystallised from glacial acetic acid when yellow needles of mp. 245® C 
Were obtained. 

Diphenyl-thiobarbitunc acid as obtained above (20 gm) was dissolved 
in KOH solution (5%) and a solution of sodium nitrite (20 gm ) in minunum 
quantity of water was added The mixture was filtered, cooled in we and 
gradually acidified with ice-cold dilute sulphuric acid The light buflT- 
coloured precipitate was allowed to stand overnight, filtered, washed with 
water and dried and crystallised from boiling glacial acetic acid when it was 
obtained m glistenmg prisms melting at 227® C 

Preparation of the metallic salts.— Tht ammomum salt was prepared 
by adding concentrated ammonia to a saturated solution of the acid m 
acetone nil shghtly alkalme, when the ammonium salt was obtained as 
a bluish-grey glistening crystalline precipitate which after drymg was 
recrystallised from Water. 

Other salts were prepared by adding a soluUon of a salt of the metal 
whose salt was to be prepared to a solution of the ammonium salt in water 
when the metallic derivative was thrown down as a precipitate This was 
washed with hot water, crystallised from acetone and the percentages of 
metal and sulphur were estunated by the usual methods 

The silver salt is photo-sensitivc and decomposed very slowly on keep- 
ing. Other salts are quite stable and melt above 200® C with decomposi- 
tion. All the salts of diphenyl-thiovioiunc acid possess beautiful crystallme 
structure and are highly soluble in acetone and less so m alcohol or ether 
The absorption maxima of a number of them were also found out. 

Summary and Conclusions 

1. The metallic salts of fro-nitroso-diphenyl-thiobarbituric acid have 
been prepared for the first tunc with a view to study their colour in relation 
to chemical constituents. 

2. The change of colour from yellow to blue or green has been shown 
from theoretical considerations to be due to a fundamental change m the 
constitution of the molecule from an oximmo-ketonic to a nitroso-enohe 
structure. 

3. The change in structure produces a true nitroso group which from 
the point of view of the theory of colour on the basis of molecular stram. 
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hai been ihown to be a hi^Uy ttrained group vbicii ttiui givee interne colour 
to the lalti. 

4. From theoretfeil ooniidcraboM. the lalts appear to be internally 
complex compoundt and itructural formula have been given on thia baiu. 

The author! wUh to exprese their indebtedneas and linoere thank! to 
Prof S. Dutt for hii kind intereit in the work. 
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i-NITRO-2-HYDROXY-3-NAPHTHOIC ACID 
AND ITS DERIVATIVES 

BY O. V. Jadhav and S. N. Rao 

(Ihptrimeia «f Orgmk OumUtry, liurtMt tf Same*, »mt6ay) 
ll«c«iv«l De<*mti«r 22. 1945 
(Comwokattd by Prof. R. C Slub. t ksc.) 

6-Nrr»o-2-HYDROXY-3-NAPHTiKMC acid w obtained by the nitration of 
I^aimno-2-hydroxy-3-naphthoic acid or its diazo-oxide and subsequent 
ehminauonofthe ammo or diazo group (I. O. Farbmhtd. A O., Gcr 623496; 
General Aniline Works, U.S, 2040387; /. O. Farbtnbtd. A. G., Bnt. 445278). 
This l<uiuno-2-hydroxy-3-naphthoic acid has been prepared by various 
indirect methods (Mohlau, Ber . 1893. 26, 3066; Mohlau and Kricbel.Jter, 
1895, 28, 3091 ; Weil and Heerdt, Ber.. 1922, 55, 226). Robertson (J pr. eh . 
1893, (2), 48, 534), however, claims to have obtained it by the reduction of 
l-mtro-2-hydroxy-3-naphthoio acid whWi m its turn is obtained by the 
nitrauon of 2-hydroxy-3-naphthoic acid, but no experimental details are 
available and the melting pomt of the nitro acid given by this author is 
233-38° which is quite different from the one described here (246-48°) and 
therefore hu nitro acid may not be pure. 

Lat«- Gradenwitz {Ber.. 1894. 27, 2623) nitrated methyl 2-hydroxy-3- 
naphthoK aad and got simple phthalic acid by the oxidation of the nitro 
derivaUve obtained. He thus proved isonuclear positions of -OH, -OOOH 
and -NOf groups, but he did not definitely name the susbtancc. But the 
only possible position token up by the mtro group, according to the directing 
influences of -OH and -COOH groups, b 1 only. His nitro denvative must, 
Aerefote, be methyl l-nitro-2-hydroiqr-3-naphthoate. 

In the present work the methyl and ethyl esters of 2-hydroxy.3-naphthoic 
add are nitrated according to Gradenwitz (fee. di ) and free acid b obtained 
by hydrolysb with alodiolic potassium hydroxide. I-Nitro-2-hydroxy*3- 
napfadtoio add mdts at 246-48*. 

The ethyl ester of the nitro add has the melting point 155-56°, identical 
with that described by Mcbenheimer, Thedekw and Bei/hvenger (ilnti., 1932. 
495 , 275) who have not given eqierimeotal detoib. 
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The acid chloride of l-nitro-2-hydroxy-3-naphthoic acid is easily obtained. 
From this acid chlonde. some derivatives like ethyl esters and arylanudes 
are prepared from aniline, o-, m-, and p-toluidines and o-, p-, anisidincs. 

EXPEaiMENTAJ. 

l-}fUr<h2~hydroxy-3-tu^tholc aetd.—k mixture of methyl l-mtro-2- 
hydroxy-3-naphthoate (or the ethjd ester) (10 g). rectified spirit (50c.c) 
and potassium hydroxide (100 c c of 2N) was refluxed on boding water- 
bath for about two hours. The acid, that separated on acidification, was 
crystallised from dilute alcohol in shining yellow needles, m.p. 246-48”. 
(Found: N. 6 0%; CiiH,0»N requires N. 6 

\-HUro-2-hydroxy-i-tu^hOu>yl chloride —A mixture of l-mtro-2-hydroxy- 
3-naphthoic acid (1 g ). phosphorous pentachloride (2 g ) and dry chloroform 
(25c c) was refluxed on boiling water-bath until a dear solution was 
obtained. On cooling the reaction mixture, the acid chlonde separated in 
brownish yellow needles, which were filtered and washed with dry petroleum 
ether and dned under vacuum over phosphorous pentoxidc, m p. 168-70®. 
(Found: Cl. 14'2%. CuH*0«Na requires Cl. 141%) 

fhenyl-X-niiro-lrhydroxy-l-napMhoaU.— It is prepared by heating to- 
gether a mixture of acid (2 g ). phosphorous oxychlonde (1 c c ) and phenol 
(2g.) at 140-50” until cflervescence ceases The mixture u cooled, diluted 
with wato- and washed. 

Table I 

Derivatives of l~nUro-24iydroxy-3~naphthoic acid 




i-htilro-t'tiydroxy'i’ttapkihoic Acid and Its Dtrtvafivts 

The arylanudes are prepared by leaving the mixture of the amine and 
acid chloride m presence of dry benzene for an hour and washing the solid 
obtained with dilute hydrochloric acid after the removal of the solvent. 
They are crystallised from glacial acetic acid. Thqf are desenbed in 
Table 1. 

Summary 

Free l-nitro-2-hydroJty-3-naphthoic acid is isolated, its acid chloride, 
phenyl ester and anilide, o*, p-toulidides and and p-anisidides are 
prepared. 



THE ACTION OF HEXAMETHYLENETETRAMINE 
ON THE METHYL ESTERS OF 
PHENOL-CARBOXYLIC ACIDS 
Part V. Tha Derivatives of 2: 4-Dihjrdroxr3 l'ot»yl*>*n»o*' Acid 
BY R D. OE8AI, (Miss) K S. Raoha and R C Shah 

{Fhm the Dtpartmni gfChemleal Tuhiologf, Unlitrsiiy of Bomtay, ami rt« 
ChuiOtlry Dtportmmu, Royal hutitm of Stktu*. Bombay) 

Recdwd Febfwuy 4, 1946 

Thb preparation as well as the characterisation of 2 4-dihydroxy-5-formyl- 
benzoK add has already been described by Desai and Radha.* Some of its 
important and interesting denvatives are being described in this communica- 
tion. Attempts to esterify the carbox^ group by Fiichcr-Speicr method 
resulted in the formation of some colouring matter. The action of either 
dlasomethane, or dimethylsulphatc in an alkalme medium or the action of 
methyl iodide on the ulver salt of the acid resulted in the methylahon of only 
one of the hydroxyl groups, and various other mediods of methylation failed 
to give the dimothoxy derivauve. The monomethoxy derivative may be 
cither 2-methoxy-4-hydToxy-5^ormylbenzoic or 2-hydtoxy-4-methoxy-5- 
formylbenzoio acid. 

Nitmtlon of 2:4-dihydroxy-5'formylbenioic acid gave a mixture of 
2 . 4 -dihydroxy- 5 -mtrobenzsldehydc and 2- ■Mihydroxy-S : 5-dinitrobenzoic 
acid, and it was not possible to isolate the nitro-denvativc containing both 
die formyl and carboxyl groups m tact. 

aemmenson reduction gave readily 2 : 4-dihydroxy-5-methyl-bcn«)ic acid, 
while bromination of the aldehyde acid under various corditions gave a 
brooio^ieiivativc wluch gave too low wUues for the halogen. Acetylation 
of the aldehyde acid with acetic anhydride m presence of either pyndine or 
anhydrous sodium acetate gave only the di-acctoxy derivative, not a Pace of 
the ooumarin which was expected in the latter method being formed. 

Condensation of the aWehydo add with ethyl malonate and ethyl aoetoace- 
tate by Knoevenagel’s method gave respectively 3<arbethoxy-d-earboxy-7- 
hydroxy coumarm and 3-acetyl-6-carboxy-7-hydroxy coumarin, the alkaline 
solutions of which gave blue fluorescence. The formation of these two 
ooumarin derivatives fUmish the additional proof to establish the 5-position 
of the formyl group. 
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Exphmmmital 

Methytation of 2 A-dikydroxy-S-formyibenioU acid and formation of 
2 or 4-methoxy-A or l-hydroxy-^formylbemok acid.— To the aldehydo-acid 
(Igm.) diMOlved in potassium hydroxide (100 cc of 20%), dmietbykulphale 
(20 c c ) was gradually added with shaking and wanned on the water-bath 
for one hour. The yellow, flocculent precipitate obtained on the acidifica- 
tion with hydrodiloric acid crystaUised from methyl alcohol m small yellow- 
ish needles, m.p 246-47 It gave an intense red coloration with alcoholre 
fcnic chloride (Found: C, 54-8: H, 3 9, C.H.H* requires C, 55 1 ; 
H, 4 0 percent) 

trUration of 2 • 4-ddiydroxy-5-formylbenzoic acid and formation of 2' 4- 
dthydroxy-i-nltrobenzaldehyde and 2 4-dihydroxy-3 S-dinitro-benzoic acid.— 
Concentrated nitric acid (15c c.) was gradually added with constant 
stirring to the solution of the aldehydoacid (2g ) dissolved in concentrated 
sulphunc acid (10 cc.), and left m a fngidaire overnight The solid that 
separated out was fllterod, washed and crystallised from dilute alcohol in 
long, lustrous, golden-yellow needles, m p 146-47° It did not dissolve in 
sodi^ bicarbonate solution, Jnit readily reacted with 2 . 4-dinitrophenyl- 
hydraone and identified as 2 • 4-dihydroxy-5-mtroben2aldehyde of Gatter- 
mann.* (Found: N. 7 4; C»H,O^N requires N, 7-7 per cent) 

The 2 : A-dinitrophenylhydrazonc prepared m the usual manner crystallised 
from glacial acetic acid m small, orange needles, m.p. 258° (dec ) (Found : 
N, 19 5; C,4I,0,N, requires N, 19 3 per cent.) 

The filtrate from which the nitro-aldchyde was removed was diluted 
with water, salted, and extracted with ether. On the removal of the solvent 
.malt yellow crystals of a solid, mp 195-96°, were obtained It dissolved 
in sodium bicarbonate solution with effervescence, but did not react with 
2 . 4 -dinitro^cnylhydra 2 one, and was identified as 2 . 4-dihydroxy-3 . 5- 
dinitrobenzoic aod by comparison with an authentic specimen prepared by 
Hcmmel Meyer’s* method (Found N, 11 2; C,H«0,N, requires N, 
11. 5 per cent) 

l.4-D0tydroxy5-metkylbenzoic acid was prepared by adding the alco- 
holic solution of the aWchydo acid (2 g) to amalgamated zinc (40 g.) and 
dilute h^rochlortc acid (50c.c.) and warming the mixture on the water-bath 
for 2 hours The hot liquid deposited small needles, m.p 163-64° C 
(Found: C, 58-2; H, 4 5; C.H.O^ requires C, 58 3: H 4 8 per cent) 
2\4‘Di(Ketoxy-5-formylbenzoic acidwnz obtamed by heating the mixture 
of the formyl acid (Ig ), acetic anhydride (10c.c) and pyndine (3 drops) 
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on a sand-bath for four hours. Hie patty mast obtained on pouring the 
niixtuie into water crystallised from dilute alcohol m long, colowleta needles, 
mp. 158-»*C. and did not give any colouration with alcohobc ferric 
chloride. (Found. C, 53 8. H. 3 8; C„H„0, requires C, 541, H. 
3-8 per cent.) 

Ethyl 7'hydroxy-6tcafboxy~coumaritt-i~carboxylatf. — A mixture of the 
aldehydo acid (2g.), ethyl malonate (2g.). pyndine (20c.c.) and piperidine 
(4-5 drops) was kept overnight after heatmg on the water-bath for one hour. 
The pasty solid obtained on the addition of dilute hydrochloric add crysUl- 
lised from alcohol in pale-ydiow needles, m p 235-36° C. (Found : C, 
57 0; H, 4 2, CuH„0, requires C, 56 7. H, 3 9 per cent.) 

7-Hydroxy-6-carboxy-3-acetvlcomnarm was obtained by heatmg the 
mixture of the formyl acid (1 gm.). ethylacetoaoetate (1 g ), pyridme (10c.c.) 
and piperidine (4 drops) on the water-bath for one hour and keeping the 
mixture ovemi^t. The solid obtained on acidification with dilute hydro- 
chloric acid crystallised from dilute alcohol in needles, mp. 167-68° C. 
The alcoholic solution of this substance as well as the one described above 
gave a reddish-brown colouration with alcoholic ferric chloride. (Found: 
C, 58-2J H, 4 0; C,aH,0, requires C, 58 1 ,* H. 3 8 per cent.) 

Summary 

Some important and interesting derivatives of 2 : 4-dihydroxy-5-formyJ- 
benzoio acid have been prepared 
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P«ft X. The Preparation «nd th« Prop*rtlei of l-Stearyl-, l-Pahnltyl- 
and l Laur7l-2-Naphtbola 

By R D Desai and W S Waravdekar 
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In continuation of our work ui this series, we have studied the preparation 
and the properties of l-stearyl.-l-palmityl-, and l-lauryl-2-napthoh. and 
many interesting results have been obtained l-8teaiyl-2-naptbol (I, R 
= CtrHtt) was readily obtained by the application of the Ncncki Reaction 
to /J-n8i*thol and stcanc acid This hydroxy-ketone which did not give 
any colouration with alcoholic ferric chloride was characterised by its 
p-nittophenylhydrazone, and was methylated to 2-methoxy-l-stearyl- 
naphthateoe The Clemmenson reduction gave exclusively l•octadecy^■^ 
naphthol, unaccompanied by any neutral hydroxylic product 

The Kostaneck' acylation with acetic anhydride and sodium acetate 
gave 2.mcthyl-3-hcx8decyl-l:4-)S-napthapyrone (D). the alkaline hydrolysis 
of which gave the original ketone (I) The condensation of the ketone (1) 
with ethylbromaectate gave ethyl l-stearyl-^-naphthoxyacetatc (UI, R => 
CiiHas), which on treatment with sodium ethoxide in absolute alcoholic 
solution gave 2-carbeihoxy-3-hepadecyl-/9-naphthacoumaronc (IV, R C„Ha), 
the coiTcaponding acid of which on decarboxylation yielded 3-heptadecyl-^- 
n^thacoumarone (V, R 

The preparation and properties of 1-palmityl-and l-lauryl.2^iaphtbols 
l y iin g mimiUr to thosc of l-steafyl-T-naphthol have been fully described in 
the expenmcntal portion. 

Experimental 

USUaryt-l'itaphihol.—Axi intimate mixture of steanc acid (198.), 
^oi^thol (7g.) and powdered anhydrous anc chlondc (7 g.) was heated in 
an «l*bath at 180* C. for three hours. The warm product was poured mto 
water f o ntfl i"'"8 tome dilute hydrochloric acid, and the precipitated solid 
was fllteted off and washed with water. It was then treated with 5% sodium 
bicarbonate solution to remove the unrcacted steanc acid. The pure 
jKoduct crystallised from alcohol ui white lustrous, small needles, m.p. 
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125-126“ C (depressed to 90-91“ by /i-naphthol). Its alcoholic soluUon did 
not give any colouration with ferric cWoride It was insoluble m dilute 
caustic soda solution, but soluble m most of the organic solvents (yield =• 
30 p.c) (Found: C. 81 7. H, 10- 1, CaH^O, requires C, 81 9; H, 
10 2 per cent) 

The p-niimphenylhydrazone was prepared by heating the ketone (0 5 g.) 
and 4 -nitrophenylhydra 2 me (0-5gm) in alcohol (20c c) under reflux for 
six hours. The hydrazone crystallised in reddish lustrous plates m.p 
260-61“ C (Found. N, 7 Cj 4 H„NaO, requires N, 7 7 per cent) 

i-Stearyl-l-methoxy-naphthalene —A mixture of l-stearyl-2-naphthol (1 g.) 
anhydrous potassium carbonate (2g.) dimethyl sulphate (Sc.c) and dry 
acetone (20c.c.) was refluxed on water-bath for 6 hours. The soluUon was 
filtered and after the removal of acetone the methylated product crystallised 
from petroleum ether in white, lustrous needles, m.p 72 • 73° C (Found • 
C. 82 2; H, 10 2; requires C, 821; H. 10'4 per cent) 

Clemmcnson reduction of \-itearyl-2-naphthol-preparation of \’Octadecyl 
Triu^hthol —A mixture of dilute hydrochloric acid (1:1; 35c.c.), amalga- 
mated zinc (Sg.), and l-stcaryt-2-naphthol (Ig) dissolved in alcohol 
(20 cc), was heated on sand-bath under reflux for 6 hours The cold 
mixture was diluted with water and extracted with ether. The ethereal 
layer was extracted with alkali, and the alkaline solution when acxlifled 
gave a white product which crystallised from alcohol in white plates, 
mp. 75-76° C. (Found: C, 84 5, H, 11 3; C8,H«,0 requires C, 84-4 , H. 
11-1 per cent.) 

Kostaneckl reaction with \-stearyl-2-napkthol and formation of l-methyl- 
i-hexodecyl-\ \^-^-naphthapyione —A mixture of l-slcaryl-2-naphthol (Ig), 
powdwed anhydrous sodiumacetatc (Ig) and acetic anhydride (10c c) 
was heated in an oil-bath at 175-180“ C for 14 hours and then poured in 
water. The white product which separated out was crystallised from alcohol 
In white, lustrous, small needle, m,p 79-80° C It was soluble in usual orga- 
nic solvents and dissolved in concentrated sulphuric acid giving a reddish 
btoWn colour. (Found: C, 82-8; H, 9 6, C^H^Ot requires C, 82 9; 
H. 9'7 per cent) 

Hydrolysis of the pyrone to stearyl-2-naphthol —The pyrone was boiled 
with 10 per cent, alkali under reflex for three hours. On ackJifymg the 
alkalme soluUon, a white product was obtained, which crystallised from 
alcohol in white needles, m.p. 125-126“ C. and was identified as ste8ryl-2- 
luphfliol by mixed m.p. 
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Condensatfon of X-stearyl-l-naj^hol with ethyl bromacetate and the pre- 
paration of ethyl-\-stearyl~p-napkthoxyacetate. A nuifure of l-8tc»ryf-2- 
naphthoJ (4g.), potassium carbonate (1 g). ethyl bromacetate (4 c c.) and dry 
acetone (35 c.c.) was heated on water-bath under reflux for five hours On 
removing acetone, a yellowish brown liquid was obtained which was washed 
with water, extracted with ether, dried and recovered It was a pale-yellow, 
oily liquid bp 279° C (Found. C,77 4, H. 9 8, C^HwO, requires 
C. 77 3 ; H, 9 7 per cent ) 

Hydrolysis of ethyl-\-stearyl-p-naphthoxy acetic acid and the preparation 
of l-stearyl-fi-naphthaxy acetic acid —The above ester (1 g.) was boiled with 
IQ% alcoholic alkali (20c.c) under reflux for three hours. On removing 
alcohol and acidifying the alkah solution, a white product was' obtained whidi 
was crystallised from alcohol m white flakes, m p. 66-67° C (Fotlnd : C, 
76'8, H, 9 6; CttHuO, requirts C, 76-9, H, 9-5 per cent.) 

ne p-nilrophenyl-hydnuone of the acid prepared by the usual manner 
crystallised from alcohol in deep-red shining plates m p. 220-221 ° C (Found : 
N, 6 9 ; C^H„O.N, requires N. 7 0 per cent ) 

Action of sodium ethoxide on ethylA-stearyfp-naphthoxy acetate and the 
preparation of l-carbethoxy-^-hepUidecyi-P-naptha courruirone.—The p-nafiir 
thoxy acetate (5 c.c.) was mixed with soAum ethoxide in absolute alctAol 
(Na »>2gm.; alcohol *=40cc) and the solution was heated on water- 
bath under reflux far three hours. On evaporating the alcohol, a colourless 
liquid was obtained BP. 265° C (Found: C, 80- 5, H, 9'8; CuH||0« 
requires C, 80 3 ; H, 9-7 per cent.) 

Hydrolysis of the above naphthacounwone to 1-carboxy-y-heptadecyl-p- 
naplaha coumarone —The above ester (3 g.) was boiled vdth 10 per cwit. 
alcoholic alkali (30 c c ) for three hours. The solid obtained on the removal 
of alcohol and acidification from hexane in white, flat needles m.p 60-61° C 
(Found: C. 79 8; H, 9 5, C^H^Oj requires C, 79-9; H, 9 3 per cent) 

Pecarboxylation of 2-carboxyl-2-heptadecyl-P-naphtha coumarone to 
3 -heptadeeyl-P-naphtha coumarone —The above acid was introduced m a 
flask and heated at 80° C for four hours The In-own product obtained 
after washing the residue with dilute alkali crystallised from hexane in white, 
small needles, m.p 49-50° C (Found C, 85-5, H, 10 S, requires 

G, 85 7; H, 10'4 per cent.) 

{■Palmityl-l-naphthoi prepared from j8-naphthol (7 g ), palmitic acid 
(16 g.) and zinc chloride (7 g.) crystallised from alcohol in White, small 
plate*, mp. 1 15-16° C. (depressed to 85-86° C by /J-naphthol). R| 
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alcohoiic solution gave no coloutation with fenric chloride (yield 28 per oest.). 
(Found: C 81 8 ; H, 9 7; C,*H„Oa requires C. 81 7; H, 99 percent.) 

The ^-nitropkeHylhydnuone ot the ketone was crystallised from alcohol 
in red flakes. m.p. 195-96* C (Found- N, 81. C„H„OaN, requires 
Ni 8-1 per cent.) 

1- PabnUyl-l-methoxy-naphthalene erytXaXb&ed from petroleum ether in 
white lustrous soft needles, m.p. 68-69"’ C. (Found: C, 81 9; H, 10 3: 
CrH«eO, requires C. 81 8 , H. 10 1 percent.) 

\~Hexadecyl-l-ne^hthol prepared by the clemroenson reduction was 
crystallised from alcohol m white small plates m p 70-71 * C (Found : 
C, 84 2; H, lO-S; C*,H 4 oO requires C, 84 4; H, 10 9 per cent.) 

2- MeAyI-y-tetradecyl- \ . A-^tuphthapyrone was crystallised from alcohol 
in small, white, lustrous needles, mp. 73-74° C. It was soluble in usual 
organic solvents and its solution m concentrated sul|Aunc acid gave brownish- 
yellow colouration. (Found. C, 82-9, H, 9 2, CitHatOa requires C, 
82 8, H, 9 4 per cent.) The chromone on hydrolysis with dilute alkali 
gave the original ketone. 

mylA-paimttyl-ft-naphthoxy acetate was obtained from the ketone 
and ethyl brom-acctate as a yellow, oily liquid, b.p 263° C. (Found* C. 
76-8; H, 9-7; CMH 44 O 4 requires C, 76-9; H, 9 5 per cent) 

l-Palmityl-P-naphthoxy-acetk acid prepared by the hydrolysis of ethyl- 
l^wlmityl'/J-nairtithoxy acetate by alkali was crystallised from alcohol in 
white lustrous plates, m.p. 64-65° C (Found. C, 76-5, H, 9 1 , CUH 41 O 4 
requires C, 76 3 ; H, 9-2 per cent) 

The p-nitrophenylhydrazone of the l-palmityl-/»-naphtho*y aoebc acid 
was obtained from alcohol in red, lustrous, small flakm, m.p. 210-1 1°C 
(Found. N, 7 1; C,«H 4 * 0 »N, requires N, 7 3 per cent) 

l-carbethoxy-l-pentadecyl-P-naphtha coumarone prepared from ethyl- 
1 -palmltyl-^-naphthoxy acetate and sodium cthoxidc was a colourless oily 
liquid bp. 245° C (Found: C, 80 2; H, 9 3, Ca„H 4 , 0 , requires C, 80 0; 
H, 9-4 per cent) 

l-Carboxy~3-peHtadecyl-p-naphtha coumarone obtained by the hydrolysis 
of 2-carbethoxy-3-pentadecyl-i3-nai^tha coumarone, was crystallised from 
petroleum ether in white plates, m.p. 56-57° C. (Found: C, 79-7, H, 9 3; 
CmHmO* requires C, 79 6 ; H, 9 1 percent) 

i-Pentadecyl-P-wpMia-cotmtarone prepar^ by decarboxylating the above 
vms crystailMed frpm petroleum ether in whit? hiatrops, siitall p(ates, 
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in.p. 45 46° C. (Pound: C. 85-8; H, 10 3, C„H«0 requires C, 85 7; 
H, 10* 1 per cent.) 

prepared from j8-naphthol (7 g) lauric acid (14 g.) 
and ssinc chloride (7g.) cryatalbsed from alcohol in white, lustrous flakes. 
m.p. 95-96° C It was soluble in usual organic solvents (yield 25 per cent.) 
(Found; C, 80 7, H, 9-3 C„H«Os requires C, 80 9; H, 9-2 pa cent.) 

The p-mtrophmylhydrazone of the ketone crystallised from alcohol in 
yellowish-red, small needles m p. 165-66° C (Found: N, 9 0; CygHi^OtNj 
requires N, 9 1 per cent.) 

1- lMuyl-l-niethoxy-miphthakne crystolhsed from petroleum ether in 
white, flat needles, m.p. 54 55° C. (Found: C, 81-3; H, 9 6; CnHiiOt 
requires C, 81 2; H, 9 4 per cent) 

\-Dodecyl-2-ruphthol crystallised from alcohol in white lustrous, small 
plates. m.p. 65-66° C (Found: C. 84 4; H, 10 2; CmH„ 0 requires C, 
84 5; H, 10 3 per cent) 

2- Methyl-i-decyl-\ : 4- jS-iuyi/irtqp'ynwe crystallised from alcohol in white 
shining small flakes, m p. 69-70°C Its solution in concentrated sulphuric 
acid gave brownish-yellow colouration. (Found' C, 82 '4; H, 8’ 3; 
CmH« 0, requires C, 82-2; H. 8-6 per cent.) The pyrotie on alkaline 
hydrolysis gave the original ketone 

Ethyl-X-laufyl-p-mphOioxy-acetate was obtained as a sfraw-ydlow, oily 
liquid, bp. 230° C., from ethyl brom-acetate and 14auiyl-2^iaphthol, 
(Found* C, 75-9; H, 8 7; requires C, 75 7; H, 8 8 per cent.) 

\-Lauryl-p-naphtkoxy-acetlc acid crystailised from alcohol in udiite, 
shining plates, m.p. 47-48° C (Found’ C, 74-8; H, 8 6; CtiHitO^ 
requires C, 74 9; H, 8 4 pet cent) 

The p-nltro^enyl hydrazone of the above naphthoxy acid crystaUised 
from alcohol m red plates, m.p. 200-01 ° C. (Found : N, 8 3; C^HffO|Nf 
requires N, 8- 1 per cent ) 

2rCarbethoxy-l-mdecvl-p-naphtha cownarone was obtained as a colour* 
less oily liquid, b.p, 215° C., by the action of sodium ethoxide on ethyl-1* 
lauryl-fl-naphthoxy acetate. (Found C, 79-2; H, 3 5, CnHa^O, requires 
C, 79 1; H, 8 7 per cent) 

2-Carboxy-3-mdecyl-P-naphtha'Cownartme crysUlliied from petroleum 
edier in white small plates, m.p. 42-43° C (Found; C, 78'8; H, 8'3; 
requires C, 78-7; H, 8-2 per cent) 
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i-Undecylrfi-Miphtha eoumanme was cryitaflited ftotR hexane in white, 
lintrous plates, m p. 36-37® C (Found C, 85 6 ; H, 9 5 ; CftHatO 
requires C, 85-7, H, 9 4 per cent) 

We express our grateAil thanks to Rev. Father A. M. Coyne, sj. and 
late Frof R. N. Bhagvat, m a , b sc , for their kind interest and provision 
of the facilitiea 

Summary 

1-Stearyl. 1-palmityl, and l-lauryl-2-nai*tholK have been prepared by 
the Nencki process Tliesc hydroxy ketones were methylated, and reduced 
by Clemmensen’s method They were subjected to the Kostanecki reaction, 
and cond<MBe<t with ethyl bromacetatc, to obtain the dtroraones and 
cbinnarones containing these long-chain alkyl groups 



A CHEMICAL AND PETROLOGICAL STUDY OP 
SOME DYKE ROCKS IN THE PRE-CAMBRIAN 
(CUDDAPAH TRAPS)* 

By N A Vemb AN, M Sc 

RkoIvwI November I. I94S 
(Communicated by Prof T N Mulhutwami, p a k ) 

iNTROUUCriON 

Thb wite of traps that forms the subject of this paper oocun as mtnniona 
in the Ven^»lle limestones and the Tadpstn shales of the Lower Cuddapahs 
in the Pulivendla taluk of Cuddapah. the Tadpatn taluk of Anantapur and 
the Dhone tahik of Kumool They were collected from a large area in flte 
rsMMnpnh basin extending from Bctamchcrla m the Kumool district to near 
Vempalle in the Cuddapah district, so that they are representative of the 
numerous sills that traverse the area. The collection includes also two or 
three i^iecimcns of trap rocks mtrusive into the Archaean gneisses near 
Tmittani in the Chittoor district Judging fkim petrological characters 
die Tiruttani rocks are probably of the same age as tl»t of the CikUapah 
traps, but we haVe no stratigraphica! data to determine the rdationihip 
between these two. 

These traps form numerous sills and are occasionally lenticular thou^ 
generally regular and of uniform thickness The thicker sills trften contain 
intercalations of VempsUe limestones or Ta<^tri shales. They are fine- 
grained and of uniform grain, being 'congposed generally of labradorite 
fddapar, augite and micropegmatite with subordinate Uotite, magnetite, 
epidote, and secondary alteration products. It is only rarely that they 
eidiibit any difference in the gram-size between the centre and the margins. 

a till, compOMte in nature, is seen passing through Pulivendla at noted 
by Dr. C. S. Fox. The central portion of the sill is very basic and contains 
coarse grains of abundant olivine, augite. enstatite, serpentine, a little 
frp i fpr iron ore and brown mica and thus differs from the layers above 
and below it, vrfiich ate dolentes without olivine. The trap sills are fairly 
ermspicuoas because of their forming dark low ridges which arc marked by 
brown coloured soil and thorny shrubs. In some places the rocks show 
the presence of amygdaloidal cavities filled up with secondary inflllings and 
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are aho tmvened by veins of epidote wluch shows up wdl because of its 
madced green colour. 

The Qi4dapah trepa have not been studied by any one so far in any 
detail As early as 18W, P. Lake described briefly the ohvine-bearing traps 
of Jutaru Subsequently (Sit) T H Holland (1897 B) classifled “wme 
dykes of basic igneous rocks which break through the ‘ pyroxene granulites ’ 
and which he regarded as the dyke-representative of the Cuddapah lava 
flows ” and gave a mineralogical description of these rocks More recently 
(Sir) C. S. Fox (quoted by A. L. Coulaon, 1934) and A L Coulson (1933, 
1934) have referred to these tfaps only incidentally in their description of 
asbestos and barytes occurrences in the Cuddapah formations. No chemical 
data are available except for the two modern analyses given by A. L. Coulson 
m his memoir on asbestos (1934) and the two much earlier analyses given by 
Holland m 1897 

In the following pages are described the petrogiai^ and chemical 
diaracters of these trap rocks. The chemical analyses were done in the 
Oetdogy Department of the Presidency College, Madras The analytical 
results are subjected to the petrochemical studies introduced by Prof. Dr. P. 
Niggli of Zurich. The plagioclaae fcldapars and pyroxenes have been studied 
by the Universal Stoge methods, which include the twinning laws and other 
optical characters The textural relationship exhibited by the rocks has also 
been studied in detail t^iich showed that AeM miner^ have crystallised 
aimultaneoualy to a large extent 

It has been possible from these studies to trace the chemical characters 
of these traps, the trends of difierehtiation of the magma in the evolution 
of the various types, and the sequence of crystallisation of these traps in ^ 
differentiation history. Die general results show that the magma vdiidi 
gare rise to the Cuddapah traps is of calc-alkali or tholeilte type. The 
traps are similar in many respects to the ‘ Newer dolerites ’ of 
,<yn ghhh»im. Kooqjhar and other areas in the Iron ore series of Orissa and 
Sin^bhum. They are also similar to the GwaUor traps in the nature of 
dieir pyroxenes, but are lower in alkalis and higher m alumina. They differ 
from the Deccan traps, the Karroo dolerites, the Tertiary dykes of the Island 
of Mun, the Whin SiU and the Palisades diabase in containmg no pigeonita. 

Minehalogy 

Althou^ uniform in their mineralc^ioal characters and duankal com- 
position the trap rocks under study may be divided into three textural 
ftoups, 
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1. Fine-grained variety. '-Tida vanei from dolerite to bault and i* 
uiually dark in colour, compact and also hii^ly vesicular. 

2. Medium-gradted variety.— Thia type is mosfly black to dark-grey 
in colour and is represented by quartz dolerite. 

3 Coarse-grained variety —This type, formed by the slow cooling of 
the ma grnfl is found to occupy mostly the middle portions of the dykes or 
nils It includes olivine dolerites and quartz dolerites 

The gram-size of the minerals composing the rock vanes on the average 
from 0-2 mm. to 0 5 mm in the fine-grained varieties, and 0‘S mm to 1 mm. 
in the medium-grained rocks, to more than 1 mm. in the coarse-gramed types. 
The petrological characters of the various specimens collected are fairly 
uniform, but some of the vesicular basalts differ from the nonnal types m 
containing much palagonite. often to the exclusion of pyroxene. 

Microscopic characters —One striking feature observed under the 
microscope is the relationship between feldspar and pyroxene. Small laths 
of feldspar are enclosed either parUy or wiiolly in elongate or stumpy prisms 
of augite or the augite may be developed m irregular form in the interstices 
of the penetrating plagioclase laths. Besides this marked dolentic and sub- 
ojfiiitic development of plagioclase and augite, ophitic, inter-granular and 
intersertal textures are also noticed. In the ohvine-beanng types, olivine 
is enclosed by large prismatK crystals of pyroxene. Mwropegmatite and 
quartz occur occasionally in the intersticcB of the feldspars and augites. In 
the fine-grained types these arc represented by a vague mesostasis of weakly 
refracting glass with grains of opaque magnetite and imperfectly developed 
microlites of feldspar. Generally the magnetite is distributed evenly 
throughout the rock. Biotite and hornblende occur as alteraUon products, 
/^tite and specks of pynte are the usual accessories. The rocks have bcei 
subjected to secondary alteration such as palagomtisation, sencitisatkm, 
serpentlnisation and kaolin isation. 

The vesicular and amygdaloidal basalts have their vesicles filled up by 
palagonite and calcite and occasionally also by quartz instead. 

In the following paragraphs the feldspars, pyroxenes, microp^atite 
end other minor constituents are described. 

Plagioclase —Plagioclase is the dominant constituent of all the nonasl 
rocks examined, except in the olivme-bearing type in which it is subordinate 
in amount to olivine and pyroxene. Megaacr^icatly the fddspan ate Unish 
to ^ik-grey in colour. T^e crystals exhibit generally polysynthetic twhipJiii. 
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but snqtie twinning is also met with and occasionally unW'ihned ptagiochue 
laths are found in association with quartz pieces. 



The coiiq>osition of the plagioclase feldspars and the twinning law 
obeyed by them were determined on the Federov Universdl Stage. The 
anorthite content of the feldspars is found to vary from 75 to 30 per cent. 
Zoning » developed rather inconspicuously in most of the larger laths, bring 
lepreaentod by a slight variaUon in the extinction angle towards the int^r. 
la some cases, however, prtmiinent zoning is obsttved, the ccaqtoution 
frma hibradonte with about 60 per cent, anorthite to a thin external 
andesine or oUgoclase. The «ve«ge composition of the plh^oclMe 
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» deduced to be near about 55 per cent anorthite and the first plagioclast 
to crystallise from the melt of dus coiiq> 08 ition would contain about 75 per 
cent anorthite The feldspar phenocrysts found m the vesicular basalct 
(Type D. which is described later) do not show any marked zoning, the 
con^Kisition of these and of the groundmass feldspars being more or less 
Ae same It is porbable, therefore, that Ae early formed plagioclasc has 
been ‘^made over ’ to the composition of Ac later feldspars wiA the result 
Aat zoning has disappeared The plagioclases exhibit predominantly 
twmntng on (010) us Ae composition plane of different lamella wiA Albite 
and Carlsbad laws occurring frequently 

The composition of plagioclase can also be deduced from Ae chemical 
analysis of the rock, if Ae calculated k and values (Table V) are 

plotted in Niggli’S diagram (Fig 1) It will be seen from Ac Aagram that 
Ae naAre of plagioclase deducedfrom Ac chemical composition of Ac rock 
agrees fairly well wiA optical determinations It may be pointed out tjiat 
Ac average falls close tp 55 per cent anotAite which is also the average 
arrived at from optical investigations. A and E have a higher anorAitc 
content Aan Ae re^t, but from the description of Aese rocks given elgcwbcrc 
it wiU be seen Aat A « a highly basic rock belonging definitely to ah earlier 
period in Ac histoiy of consolidation, while B, if not so very basic, is big^tly 
fetdspaAic and also altered, which is reflected in Ae higher anorAite con- 
tent of Ae rock. 

Pyn>.x«ie.— The pyroxenes are found to belong mostly to Ae mono< 
clmic vanety. In Ac oUvmc-bearmg types, however, rhoqibic pyroxwss 
were alsy noted m addiUon. The monoclinic pyroxene is usually augite 
wiA large optic axial angle; the other vanety of monochtiic pyroxene, 
pigeonito wiA small optic axial angle was not detected in any of Ac analysed 
specimens but was present in slide No 8 (1 mile east of Vemula) in small 
amount 

The fflonoclm(c pyroxene is generally colourless in Ain sections, but 
shows a slightly yellowish or greenish tinge, some grains afp also pinkish, 
indicaUng Aat they arc UAniferous. The mineral occurs in elongated or 
stumpy prisms generally twinned on (100) showing sometimes salite and 
herrmg^ne structures It may also be irregular in shape, wiA two sets of 
cleavage. The optic axial apgle varies froq^ 40“ to 56° and, ZA C from 36* 
to 4fi°. 

In Ae olivine-bearing types the rhombic pyroxene occurs in irr^ular 
form, intergrown with olivine and monoclinic pyroxcijc and is colourless. 
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The optic uial angle {negative) in the plane parallel to (010) varies from i9* 
to 85*. From iJiis value a composition of EOn Fsn is deduced from BtirrTs 
diagram (p. 181, 1941) for the rhombic pyroxene 

Comparative study of the py oxenes found m this ancient intrusive rock 
with those in the basic rocks from India and from other parts of the world 
is intieresting. Dr. L A. N Iyer (1932) who investigated the ‘Newer 
dolerites ’ of Bihar and Orissa found that the pyroxenes m them have a 
larger opttc axial angle, varying from 56* to 68° but has not recorded any 
pyroxene of small ophe axuil angle Dr M S. Knshnan (1936) in his studies 
of the ‘ Newer dolerites ’ of Keonjhar State, Bihar and Orissa, did not report 
the presence of pigconite ui the dolerites and basalU, whereas m the norite 
dykes he was able to distinguish pyroxenes of small optic axial angle. In 
his paper on the Gwalior traps M. P Bajpai (1935) has not reported the 
optic sv*! angles of augites seen in the slides. P. R. J. Naidu* found that 
the ‘abnormal’ dolerite dykes cutting the chamockitc areas of Halagur 
and Dodkanya, Mysore, contain pigeonite The pyroxenes of the Deccan 
traps have generally a small optic axial angle and belong to the pigeomte 
group as pointed by H, S. Washington (1922) and L. L. Fennor (1925) The 
Whm Sfll (Holmes and Harwood, 1928). the Karroo dolerites (Daly and 
Barth. 1930, and Walker and Poldervaart, 1940) and the New Jersey diabases 
(Walker. 1940) exhibit characters similar to each other in having all the 
three pyroxenes — hyperstixcnc, augite and pigeomte. In all these cases, 
there is a complementary relationship between hypersthene and pigeonite. 
In hts latest paper on the ‘ Pyroxenes of common m^ magnus ’ H H. Hess 
(1941) has come to the interestmg conclusion that the complementary rda- 
is due to the inveruon of the lime-poor ortho-pyroxene to pigeonite 
at BntsFsH. >o tbat for any ratio less than 7: 3, pigeomte takes the place 
of the ortho-pyroxene. 

This study shows that the Cuddapah traps contain predominantly 
monochnic pyroxenes with large optic axial angle The dolerites of later 
ages appear to contain all the throe pyroxenes, pigeonite being dominant 
inthe nonnsl Deccan traps. In view of the nature of the pyroxenes in these 
rocks, it would b« pertinent to con^iare the normative composition and the 
m et asily^*’’^ proportion of pyroxene, calculated from the average chemical 
oon^oaitioa with those of other rocks and see how this important difference 
can be accounted for (see Table I). The diopside and hypersthene molecules 
of the average Cuddapah traps and ‘Newer dolerites ’ are similar except 

• CmtM Seknet, 1943, 12, IIS. 
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for » «Hghtly highor content of tirese in the latter. The Karroo dolentee 
are also snnilar to the above dolerites m their containing niOTe h^pendireie 
than diopside. But, m contrast to this, the Deccan trap shows equal amounU 
of both these molecules The Whin Sbll, though containing more hypersthene 
than dit^wide, shows less of both these molecules than the other rocks. 

Table I 


The normative composition of Pyroxenes at the Cuddapah 
traps and other dolerites and basalts 


III 

IV 
V 

VL 


Hy 

Ck&to, 1 

MgSlO, 

FeSlOj 

ao 91 

13 74 
38-J7 

St ss 

St -OS 
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17 19 

30 80 

31 -as 

17-78 
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15 90 
31-08 

14 B 

24- S 
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25- 0 1 
37 6 
31-9 

33- 8 

34- 6 
19-6 
33 3 
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67 8 
80-0 

44 3 

47*7 

41-8 

44 3 
46-6 
63 3 

63 9 

1 
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Cuddtpsh trap*. 

Averiae of 8 inalyaes ol Cuddupab trap' 

N«««r dolerite. Averast of 3 annlywa ol Newer dolerites, Stnghbhutn (L. A N. 

Iyer, 1932) sod 2 of Keonjhar State (M. S Krisboan, 1936) 

AverafC of 1 1 analyies of Dcccan traps (H S. Washtn(1on, 1922) 

Averas9 ^ analyses of Karroo dolentes (Daly and Barth, 1930) 

AverafC of 6 analyses of Wbio SiU (Holmes and Harwood, 1928) 

Averaae New Jersey basalt (Andetson, I9d0) 


The metaailicates in the averages of these rocks are remarkably uniform 
in showing a lower proportion of CaSiOg and higher proportion of MgSiO,, 
adide FeStO, is interniediate between these values On a carefbl scrutmy 
It would appear that there is a reciprocal relationship between MgSiO* and 
FeSiOj, for a decrease in MgSiO, results in the increase of FeSiO. but such 
a notable chang rt is not observed m CiSiO, The eitplanaUon for this can 
be had from Fig. 2 which shows that pyroxenes of mafic magmas become 
Mirichcd in iron and correspondingly impoverished in magnesium. 

Thus, in view of the absence of any marked difference m the normative 
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Thb type II neb in olivine and carries rhombic pyroxene A stwty of ^ 
thin section goes to show that the rhombic pyroxene was die first to crystallise. 
The cUno^pyroxene joined later and both crystallised out before the rhombic 
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pyroxMe reached the composition EmeFsae In all the other rocks only 
one pyroxene was distinguished and the points for these rocks he above the 
cotectk line. To account for the presence of only one pyroxene it could 
be reasonably supposed that the degree of reaction obtained between the 
melt and the crystals suspended m it was such ftat the melt nevCT readied 
the ootectic line and this process might have been greatly assisted Iqr the 
volatile constituents of the magma. 

Pyroxme-FeMspar RelaUmu 0id the Order of CrystallisotUm 
To desenbe the different types of textural features in relation to the 
pytoxnet and feldspan various names have been proposed by difiSn^ent 
writers. KrolattdQi (1933) has proposed four names, namely, o^tio, tub* 
opbitt^ doleritic and sub-doleritic. Tlie ophitic and 8ub-o|*ifio textttres 
hr basaltic rocks indicate that the feldspars are of earlier crystalliSatiotf iriule 
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the doleriUc and sub-dolentic textores point to the simultaneous crystallisa- 
tion of dicse minerals. 

In the Cuddapah traps, the pyroxenes arc generally larger in size than 
the plagioclascs. The shapes of these pyroxenes are to a great extent deter- 
mined by those of the adjacent feldspar laths Sometimes the pyroxenes 
are also sub-idiomorphic with a roughly prismatic habit Besides these, in 
some slides ophitic and sub-ophitic textures in the restricted sense of 
Krokstrbm are also found, the pyroxenes then filling narrow interstices 
between two neighbouring feldspars, and different pieces over wide areas 
showing simultaneous extmction, with similar orientation or optical conti- 
nuity The pyroxenes also enclose completely numerous small laths of 
plagioclase showing that they are definitely later than the plagioclase in 
mystaiUsation. 

Barth (1936) has discussed the crystallisation process of basalt and 
suggested that the initial composition of the magma determines whether 
pyroxene or plagioclase is the first mineral to crystollise When crystallisa- 
tion of the first mineral is going on, the melt moves towards the boundary 
surface where simultaneous crystallisation of both minerals would take place 
Barth has deduced, from a study of the plateau-basalts which show unequi- 
vocally simultaneous crystallisation of pyroxene and plagioclase, this 
boundary surface m a tetrahedron with the normative mmerals ah. an. d! 
and hy at the corners The position of the boundary surface is got from the 
sum of flb' + 2di' + 2-3 hy'. which is called the /{norm). If the /(norm) 
is near about 123 the basalt falls on or near about the boundary surface and 
simultaneous crystallisation is to be expected If the norm is smaller or 
greater than 123 the basalt lies m the plagioclase field or m the pyroxene 
field respectively. The / inontt\ values for the Cuddapah traps and for the 
other basalts compared with them are given in Table II 

It will be seen from Table U that rhefinorm) is around 123 for all types 
except A, B and E which have a higher or lower value Type A is a rock 
of ultrabasic composition and from an exammation of the thin section it is 
clearly seen that olivme and pyroxene are earlier than the plagii^lasc which 
IS subordinate in amount and occupies the interstices between thw minerals. 
In the rock designated B the pyroxenes are intergranular and intersertal 
to the feWspan vdiicb penetrate the former so that we can conclude that the 
feldspars crystallised earher. The high percentage of alumina in this rOck 
leniUs m an excess of feldspar which causes crystallisation in the feldspar 
field itself. As has already been mentioned, the rock E shows high alumina 
and the feldspars are extensively kaolinised so that the high per- 
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Table 11 

/ (iwr/n) for Cuddrifah ad other tre^s 



A to I! CutkUpah tnip*. 
lit Averace of B to 11 

IV Avoracs of II inalyui of Deccio Maps (Waihiogton, 1922) As fivsn by 
Barth (I9M). Tab. 3, p 332 

V. Newer dolerite Averaaa of 3 Irom SbifhUium (LAN Iyer, 1932) ami of 
, 2 from Keoojhar State (M S. Krithoan, 1930) 

VI Whin Sill Average of 6 analyses by Harwood IHoImea and Harwood. 192*). 

VII. Karroo dolcrtte Average of 4 analyses (Daly and Barth, 1930) As given by 
Barth (1936), Tab 3, p 332. 

VHI Average New Jeriey basalt (Anderton, 1940) 

ceutage of alumina may partly be due to alteration. But from the nature 
of the rock it can be said that even though some feldspars may have been 
precipitated first the bulk of them crystallised approximately sunultaneously 
with the pyroxenes. 

From these studies we can conclude that during the earlier stages of 
crystallisation— excepting m type A— the feldspars crystallised to bejgin with, 
but were very soon joined by the pyroxenes so that m all the normal types 
the two minerals have crystallised simultaneously. 

Mieropegmatite — Hiere is some acid material m these basic dykes in 
the form of micropegmatite, quartz and acid glass, which are found in the 
interstices, forming a mesostasis to the earlier formed feldspars and pyro* 
genes; sometimes they may also f<Hm megascopic patches. 

This acid material is ocmsidered by most petrologists as the htit ffiiaic 
in die consolidation of the magma. It is prmnt in many basic rocks in 
India and dsewhere. As early as 1897, Holland discussed the origin of 
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mhaop^natitc in the baste dykei of the Madras Presidency includjng those 
Cuddapah age and concluded that the nucropegmatite “ is really onginat. 
the last i^iase in the consolidation of the rock ” (p 34, 1897 A) 

Bowen (pp 70-74, 1928) considers that quartz or acid residue in basic 
rocks k due to the early separation of olivine in excess of its stoichiomctTK 
proportion. But F«mer (1929 and 1931) objects to this theory on the 
ground that the earlier ferromagnesian silicates contain an excess of magnesia, 
while the residual liquid gets enriched m iron so that magnetite, pyroxene 
and feldspar crystallise dunng final stages. So he concludes that micro- 
pegmatite does not normally result from the process of crystallisation- 
differentiation, but IS a secondary product of hydrothermal activity after the 
rock has completely solidified Kennedy (1933) advocates two distinct 
types of basaltic magmas, viz., tholenuc and olivine-basaltic types, and 
considers that the tholciitic magma, represented by most plateau-basalts 
gives rise, on differentiation, to a liquid of acid composition and that the 
olivine-basalt (oceanic basalt) magma gives rise always to a hquid of fdds- 
padioidal composition poor in quartz The Cuddapah trap would fall 
the tholeutic type as will also be pointed out later TTic tholeiitic 
type docs not seem to have any significance in space and geological time as 
it is found in various ages in both fissure and central eruptions. 

Minor ConstUuenis 

The other constituents seen in these rocks are biotite, amphibole, glass, 
chlorite, magnetite, hematite, epidote and clino-zoisite, apatite and pynte 
wifii such sooondary products as sericite, kaolin and calatc A short 
description of the m«c inqwrtant of these is given below 

Glass.— la all the fine-gramed types the glass forms a mesostasis to the 
mam consotuents. It is colourless, light brown or dark m iqipcarance and 
m almost all cases wholly devitrified, containing acicular crystals and micro- 
lites as also small rounded grams of magnetite. 

ChhrHe.—Both penmnite and delessite are distinguishable. Fenninite 
is grdenidi or bluish green m colour and weakly Wrefringent with * ultra blue * 
interfoenoe colours. Delessite occurs in fibrous sheaves with positive 
diMigation of the fibres, straight extinction and low birefnngcnce ft is 
pleochroio accordmg to the general schemer 

Z = Y •=• Green . X «= Straw yellow 
fnm orar.— Magnetite is found in all the rocks as an accessory mineral. 
It is in the form of large grains, sometimes with crystal contotm and some- 
rtww hi granular clusters. The greet part of this mineral is of an earl 
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generation, but in some cases evidence of late crystallisation is also found. 
The presence of leucoxemc material in some of the sections riwws that part 
of It may be titaniferous. 

fyUloU and CUnosohIte —The epidote aggregates consist of minute 
grains recognised by their high rrfnngence and bircfrmgence They are 
strongly pleochronic, from very pale green to yellowish green. The chno- 
aointe is colourless to pale green and similar to epidote but shows very low 
birefringence It forms granular aggregates mostly derived from the alte«- 
tion of feldspars 

Petrooraphical Description and Chemical Analyses 

OF THE CUDDAPAH TRAPS 

Seven representative ^lecimena of traps from different localities in th 
area were chosen for chemical analyses so as to cover the general types 
encountered The analytical results and norma are given in Table m. The 
rocks are arranged in the order of oKreaaing silica percentage but not neces- 
aarily m the order of increasing acidity as represented by saturation. Tlie 
analysed types are briefly described below. 

A Plcrite (Homblendeperidotitisch) — TTie rock is coarse-grained and 
dark m colour and is very largely made up of olivine and pyroxene. Olivine 
(0 2-0 9 mm ) is colourless and mostly rounded in appearance with charac- 
terisUc ' mesh ’ structure having an opt|c axial angle (2V) of -l- 84* to -f 88' 
Both ortho-pyroxene and clino-pyroxene are encountered. The ortho-pyroxene 
is enstatite occurring as large individuals (1 to 21 mm) of irregular shape 
The interference colours are Ist order grey to white and the optic axial ai^e 
I2V) in the plane perpendicular to b-axis is — 82* to - 84*. The ctino- 
pyroxene (1 to 2 3 mm.) is mtergrown with ortho-pyroxene and is mostly 
colourless, often with a yellowish Unge The optic axial angle u about 
+ 30* to + 55“ while the angle Za C varies from 36" to 38° 

The plagioclase which is subordinate in amount is largely altered and 
could not be determined, though showmg broad lamellae From Niggli’s 
diagram and from die norm, the composition is deduced to be 62 per cent 
anortbitc. 

There are, in addition, alteration product., such as magnetite, serpentine, 
brown mica, scncii;, kaolin and chlorite 

The mode of Uk rock is given below : 

Qlivins .. .. 34-3 Chlorite and serpentine .. 17'9 

Pyroxene (ortho Adino) .. 20-3 Biolite .. .. 4*4 

Plagioclase •• 18*6 Magnetite .. <> 4*3 
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Wh«i ,the mod* is compared with the norm, it will be seen that the 
amouat of olivine actually pretent m the rock u loss than the normative 
amount. The pyroxene and feldspar are also less than the normative 
percentages. But the modal magnetite is higher. Chlorite, serpentine 
and biotite make up this deficiency between the mode and the norm. 

B Pyroxene doknte (Normalgabbroid, c-gabbroid) —This rock is 
iMdium-gratned and compact and bluish to dark-grey in colour and » made up 
of Wuisb plagioctase, dark dull pyuoxenes and magnetite The plagiodase 
is seen in small slender laths (0 2 by 0 8 mm ) developed in sub-ophitic 
relationship to pyroxenes. The feldspar is mostly labradorite with an 
anorthite content of 60 to 70 per cent. 

The augite is always irregular in shape and faintly pinkish in colour 
with very weak pleochroism m yellowish or greenish tinges. The optic 
axial angle vanes from 4- 41“ to + 45“ while the angle Z A C varies from 
39“ to 43“. 

Chlorite, magnetite and sencitc and kaolin occur as alteration products. 
Apatite is rarely found. 

The mode of the rock is as follows ; 

Plagioctase ..44 2 Magnetite .. ..92 

Pyroxene .. 22’5 Sencitc .. 5-5 

Qilorite .. 18'8 

When the mode is compared with the norm it is seen that the amounts 
of feldspar and pyroxene are lower in the mode than in the norm. This we 
can expect from the alteraUon of the mmerals 

C. Dolerite (normalgabbroid ; c-gabbroid).— The rock is dark-grey in 
ooloOT, composed of greyish fcld^iars, dark ferromagnesians and a few 
pieces of magnetite. The ptagioclase feldspars make up the bulk of the 
groundmass in the form of small laths (0'15 to 1 4 mm.) developed in sub* 
ophitic relationship to the pyroxenes which they penetrate from the ed^ 
and make the pyroxenes angular. A composition of about 55 per cent, 
anorthite is deduced from both Ntggli’s diagram and the norm They couW 
not be determined on account of the alteration suffered by them. 

Tbe augite is colourless, occumng as targe crystals twinned on (100) 
and encloses small laths of twinned ptagioclase in addition to showing a 
nmiked doleritic structure. The optic axial angle (2V) m the plane parallel 
to (P10> vanes frtim + 44“ to -I- 47’ while Z A C in the tame plane is 40“ 

10 k^^r, 
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and quartz pieces are also seen in the sHt^. As 
secondary minerals, magnetite, chlorite, kaolin, seneite and c^te are seen. 

D. Vesicidar btuah-porphyry {Natronlajnprosyenitisdi) — TTiis is a 
daik>c6k)UTed rock with porphyridc crystals of f^spar embedded in a 
groundfflass of chlorite and small feldspars of the same character, 
rook is highly vesioular and the vesicles are filled up by dark, fnaWe, chloritic 
m yt^rial ¥/hidi has a dirty-green colour Inclusions of calcite and a dark- 
green or ydlowish green mineral, not scratched by pen-knife, arc seen in 
the chlonte. 

The porphyritic piagioclascs twinned according to Albite-Ala and Ala 
(Es) are found cither as rectangular tables or as thick elongated prisms. The 
groundmass plagioclases are m the form of small laths and exhibit twinning 
after the same laws. The composition is 33 to 40 per cent, anorthitc. 

CUnozoisite and calcite arc found associated with chlorite as they are 
the result of the alteration of feldspar. CUnozoisite, embedded in palagonite, 
is twinned on (100) showing the chaiactcristic section of crystals of mono- 
ohnw? symmetry. TUe extinction angle with reference to <vaxis varies from 
4* to 8°. 

E Quartz-doleriu (Mtharaitisch) —This is a medium-grained rock 
cosqiosed of greyiA plagioclase and dark -ferromagnesian minersb 

Plagioclase is the most abundant mineral m the rock, giving lath-shaped 
sections. It is usually much altered to kaolin and senate 

■Wie pyroxenes, often twinned on orthopmacoid, arc irregularly shaped 
and sometimes prismabc and short. They are pale greyish ydlow to colour- 
less. The optic axial angle (-1-2V) in Ac plane parallel to (OlO) is from 
52* to 56*. The angle between Ae axis of minimum dastidty and the vertical 
otystaUographic axis is about 39“. Some of Ac pyroxenes are altered to 
serpentine. 

Quartz and micropegmatite arc intergrown wiA Ac feldspars. Some of 
Ah quartz may be of secondary origin on account of kaolinisation of feldspars. 
The minor constiAents are magnetite, biotite and chlorite. 

F Fine-gidnfid Basalt (Mclagabbrodiontisch).— This is a fine-gnined 
cryptocrystaUine dark-coloured rock composed of mmerats indistinguiahablc 
ev*n wlA Ac help of a good pocket lens The rock is merocrystaltine under 
the mkrosoope wiA imperfectly devdoped mlcrohtes of ifiagioclafe embedded 
m h mbsaie of pyroxene, pi^gonite and gldis. Twinning te hfftiefAdtly 
dd 4 doped. The coaoposition is deduced as 39 per cent. anorAite firom 
Hi^*s diagram. Hie pyroxenes ore s^en m sntall rounds or rectangulsr, 
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pttte ydlow to colourleu pieces with a tendency to be grouped in aggr^tei. 
Smbo rectangular prisnu show simple twinning. 

Magnetite occurs as rdatively larger grains and enclose fekiqwrs and 
pyroxenes. They are distinctly later than these minerals in consolidation. 

K few pieces of dichroic htematite are also seen. 

The interstices of all these minerals are filled up by palagonite, ill-defined 
glass and chalcedony. A few pieces of zoisite and c^ite are also noticed. 

G. Quart z-dolerite (Miharaitisch).— This is a medium-grained dark- 
grey trap composed of grey plagioclase and dark ferromagneaian minerals. 

It shows two thin vemlets perpendKuJar to each other, consisbng of pato- 
gomte which pass from one piece of chlonte or amphibole to another through 
fdd^xidiK and micropegmalitic portions. It uppean to have been formed 
as veins from magmatic fluids during the late stages of activity 

The plagioclases occur as laths 3 to 7 mm. m length with ilUlefined 
rdationship to pyroxene. They show twinning after Albite, Carlsbad or 
Albite-Carlsbad law and contain between 54 and 70 per cent, of anorthite. 
Zoning as well as secondary alterations are observed. 

The augite is colourless and non-pleochroic often exhitritmg simple 
tvdnning on the orthopinacoid. The optic axial angle is -t- 49-5' and ZAC 
is 46*. 

Micropegmatite generally fills the interspaces between pyroxenes and 
f^pars and is composed of quartz and feldspar, mtetgrown micro- 
grai^icaUy. The quaiu carries mclusions of bluish crystals, probabfy 
apatite ai^ numerous minute dark inclusions. 

As secondary alteration products, hornblende, biotite, iron ore and chlo- 
nte are noticed. 

The mode of the rock is given below: 

Plagioclaae 37 6 Chlorite and Amphibole . . 16-9 

Micropegmatite 8-3 Magnetite 2-5 

Pyroxene 33-3 Biotite 1-4 

The modal feldspar and pyroxene are lesa than the normative amounts 
on account of the alteration of these minerals to secondary products. 

General Review of Chemical Composition 

Having made a petrographical study of the traps we can proceed to 
teview their general chemical characters and compare them with weH-known 
^ tpeh at die pteteap-basglts and tholeiite* from India and ^efwhwe. 
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Considcdn* the analyses A to II (Tabk ID) it is lom that type A « distinctly 
different from the others Its silica content is lowest and alumina b less 
than in the other rocks The iron-oxides present are about normal to basalts, 
with ferrous oxide dominating over ferric; magnesia is decidedly high udiile 
Tabie III 

Analyses of the Cuddapali Tiaps 
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• TcrtsI include* 0- 3« CO, t Total include* 0-9J Cc 

{ Total include* 0 93 Cc and 0-81 Ru { Towl include* 0-80 of CaCO,. 

A PtcHie (No. S) From the middle of the compowla nil near 

35 mile* 2) furlong* on the Cuddapah-Pulivendia road 
Analytt N A. Vemban 

B. PynxtM ioltrite (No 30) 1303 Bedudnru Hill (Sheet 37 J/l) Analytt 

N A Vemban 

C DokcUe (No 9) From near the villag* Vemula on the Cuddivah* 

Puliveodb toad. Analytt N A Vemban 

D. Ytskuktr ieMll—Porphr) ^No 46) 7tb mile on the road firom Beiaoidierla to 

Kalwa Analyit N A Vemban 

E QaarlSrdoltrItt (No 4) : From upper portion of the still, 35 milet 2^ 

IWlong* on the Cuddapah-Pulivendta road. Analyit 
N. A Vemban. 

F Fint-trUm4 basalt (No 49) Eattem end of Brahmanapalle atbeitot gone, 

PuUvendla taluk. Cuddapah dbtrict Analyst N. A 


O QaarlftMarlit 


of Tiruttam, Chittoor 


i Dokrlts below atbestos aone, Brahmanapalle asbetio* mine, Pnli- 

vendia taluk, Cuddapah district, »sm OS 1., 64 , p. 224, 
1934 Analysts P C Roy and Mahadeo Ram. 
n Quartt-dalartte below aibesto* zone, a quarter of a mile south-weM of 

Malkapuram, Dhonc taluk, Kumool diitnct. Ibid 
III, Atarafe of 8 analyse* of Cuddapah trap* B to II 


CaO, alkalis and titama are low This rock conies under the pendotite- 
pkaite group. 

The most striking feature in the series of analyses 1$ the unifonnity in 
oompontkm (d the dolentet and iMsalu with the silica percentage vai^g 
from 46 to 32-02 per cent. Alumina is present in about the usual usount 
canted in basalts, except in E which is highly feldqwthic. The p-on oiddei 
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are usually high except in E and O. Ferrous oxide predominates over the 
ferric in general but the high ferric oxide content in D and F can be accounted 
for by the considwnble amount of paiagonite preaent. Manganese is low. 
Compared to the combined iron oxides the amount of MgO is lower The 
CaO is about normal Soda dominates over potash, but in D and F soda is 
notably higher Titanium and phosphorus arc both m about the normal 
amounts. 

A comparison of the mean analysis of the Cuddapah traps (Table IV) 
With the average Deccan traps shows that they are closely akin to each other. 
There is also a close resemWance between the ‘ Newer doleritea * of Miar 
aod Orissa and the Cuddapah traps. In comparison, the Gwalior trap 
contapia less alumina and more alkalis The average analyses of the Karroo 
dolerites, the Whin SOI and the New Jersey basalts compare closely with 
that of the Cuddapah traps, as all of them come under the normal 
thokiitic types. 

PFTROCHEMISniY 

For the present study seven analyses of Cuddapah traps were made by 
the writer and two previous puUished analyses have been added. This form 
of expressing the composition (weight percentage of the chief oxides) is not 
by itself quite suitable for petrograi^ic classification and comparison or 
for understanding the chemical characters of the rocks and their evtdutlon. 
For such a study, various new values were calculated by grouping together 
oxides having the molecular proportions of the vanous oxides as the 
basis of calculations according to the method of Niggli, which is very hdpftil 
in the study of differentiation and of magmatic affinities of rocks. The 
various calculated values are given in Table V. 

Dfferemtiatim Trends in the Cuddapah Tn^s 

The rock types under study are all basic m character with the silica 
content varying from 45 to 52 per cent (by weight). This small range in 
silica percentage goes to show that die magma that gave rise to the various 
types did not undergo extensive diffisendation and that most of the rocks 
represent more or less the composition of the magma itself. Though the 
silica expressed as weight percentage has a very small range, we can see from 
the Niggli values that ‘ si' vanes fr<»n 81 to 128 units and that ffiere is a 
wefifunarked «ip of 22 units between si 81 and 103; but dmre is every 
gtadatkmfrom^ 103to 128. This gip a significant for study M the nature 
md evolutioa of diis magma. In Fig. 3 a generalised difbrentiatiQA diagram 
haa^eep draw from the Nlg^i yalnoa wi* ei at abP^ Fthcr 
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Table IV 

Average Anahses of the Cvddc^eki Trcgfs and other basic rocks 



• Total includw 0 58 CO, and 0 J1 IncI 



I. c-iabbrold V c-fabbrold 

n f-iabb«>td VI. «v|abbrold 

ni. Normalgabbrodiorilbch VII Nofmalfabbiold 

IV. NonnalBibbrallimIUhiKh Nonoaliablirodloritlich 

Vni NonnaliablirodioritJiA 


Avaras* of 8 analyw* 
tSecemtt Tup 


Cuddapah impa B to II glvwi fai Table IIT. 

Averaai of n analywa inchidiiit 1 Bajmalial trap 
BM G*ol Soe. Amtrtea, Vol 33, p. 774, 1932. 


m, Niwtr doltrltf 

IV GwoOor tr*p 

V. tmiSIU: 

VI. KmnxKhkrUt 


Bihar and Orlua Average of 3 of SJo^diliiiin 
Jlec.CJ./. LXV. p 528. 1932 aad2ef KeonBur 
Stole, Bee , C-T / . VoL 71, P 108, 1934. Anolyito 
L. A N Iyer and P C. Roy 
Kmtm of < aaalytoa Jour. Grot , XLIII, p. 49, 
1935. Aaalyat M P. Bajpal 
Avenge of « eoelyeei, UIh. Wag,, XX|. p. 559, 
1928. Analyet H F. Harwood. 

Avenge of 5 aiulyeee. Oea/. AfPf.. LXVn. p. Ml. 

1930. Aaalyen B O. Radley and Prior. 

Quoted fiem C A. Aadenoo. AOitr torn. Set., 

gjg, p. 484. 1940. 

Qooied flm WeaUa^^ Aa«. Oe<* Soe. AmHom, 


VIl. dveegrr Wrw /rravy Aenfr t 
yip Datjr'i average »*H(I 
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conftitnents «8 otdinate. There are Are® curves which are roughly autuaUy 
Bynpathetie, but antipatfaetic to the fm curve. The curve e rises more 
rapidly than the al curve but it becomes sympathetic to fm curve at about 
si 1 12. The oft curve, on the other hand, rises only very gently. The fin 
curve b steq? from ai 81 to 1 10, the value of changing rapidly for a small 
vamtion in si, but it becomes flatter afterwards. 

The Miggli differentiation diagram does not give us an idea of the 
individual behaviour of soda and potash, or of magnesia which arc grouped 
together in the alk and fin values To study this, the values k and mg can 
be {dotted, with k as abscissa and /«g as orduiatc The relationship between 
these two com{>onent8 during the progress of differentiation can be under* 
stood frmn Fig, 4. It is seen that Aerc is com{)aratively little variation in k. 


"•a I 
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k-mg tUssrsm for the Cuddapah Traps 

the maximum being 0- 16, while the mg values have a range of as much as 
0-39. The points occupy a small linear zone which is nearly vertical m 
position to the abseksa, this beuig found commonly in potash suites The 
rec^ocai relationship whidi is characteristic of c^c-alkatine suite n not 
clearly seen in the diagram. 

The normative mineral cou^iosition of a rock can be estimated from its 
values. When there is enough silica and when of is less than the sum 
(oflk + c), the value 2 alk gives the proportion of the alkali-fck^iars, 
lial-^alk) that of the anorthite content, and (100 —2 of) that of the 
mdaaoonitic (fmomagnesran) nunerab. The sum of these three values » 
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•Mnayi e^utl to 100 and Can be repcewented by a lingla point in a trittnear 
otKiadinate diagram hi lAfch the three cornem repreaent 100 per cent af Ac 
three valuea. 

When theie values are plotted on a trilinear co-ordinate diagram (Fig. 5). 
a ckar idea is gained of the baticity o( the rocks and also of Ae general trend 



of consolidation of Ac magma, whidi conforms to Ae Aeory of crystallisa- 
tion-differentiaticm, vtr., Ae progressive enrichment m alkali feldq»ar. 

From the diagram Ae magma can be regarded as having followed three 
dHferent lines of devdopmeot during Ae evolubon of Ac various types. 

1. The impovetiihmait m ferromagnesiass wiA constant aUaA- 

fddspan. 

2. The oiridupent m alkaliTfeldspars wiA constant dark nunernU. 

2. The enrichtnent in alkafa-feldspars WiA constant .anorthiA content 
From Ae point A the 8nt trend operated and, during Ae progress of 

Ate, Ae second and third courses have given rise to Ae oAet tjfpt*. We 
cannot uy deAutdy vfbiab type it Ae result of Aese two ddlbroitteAm 
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w th« pout* can be joined either way, but we can regard the types 
K aad D at resulting from the enricbmeat of alkali-fekbpars with coutant 
anorthite content Of these two, die Qpe D has higher alkali-feWspars 
rrtule E is richer in anorthite content 

The QLM-DUigram 

The gLAf-diagram ts very important in tracing the magmatic afllnities 
of the rocks and the sequence of formation of the various types and also the 
otxlef of crystallisation of the minerals composing the rocks As the role 
of quartz is important m the formation of dififerent rocks, the behaviour of 
quartz m the differentiation history can very well be followed in this diagram 

When the QLM values (Table V) of the Cuddapah magma types arc 
plotted in the diagram (Rg. 6) prepared by Niggli (1938, Figs. 2a. 20 and 21), 
it is seen that all the pomts except A fall below the line PF (saturation line) 
and above PL in the area of ‘ Normal basalt ’ within the mam basalt field 
The point A, representing a pendotitic type falls outside the above field 
All the so^alled ‘ primary basalts ’ of all parts of the world (such as thedeute, 
ophiohth, nonte, plateau-basalt and olivine-basalt) fall within the borders 
of ‘ Normal basalt *. 

Most petrologists now regard all igneous rocks as derived generally 
from a basaltic magma, though such a magma may not necessarily be con- 
sidered the starting point in all cases In this connection Bowen has written 
(p. 5, 1928) 

“ To Daly, in particular, we owe the demonstration, apparently satis- 
factory, that basaltic magma is a constant member of all these 
associations and that there is no essential difference m the basaltic 
maima of the various assocutions. Partly for th» reason and 
partly on geologic grounds he considers that basaltic magma ts 
the parental magma of all igneous-rock series, except certain pre- 
Cambnan rocks. Die facts are not such as to enforce belief m the 
parental nature of basaltic magma but they are sufficiently definite 
that many petrologists now entertam the behef favourably and 
include' it m their general scheme of rock denvation In the present 
discussion the parental nature of basaltic magma is taken as a 
flindamental thesis and other rock-types are developed pruuMpally 

by fractional crystalUsation The reasons for pr^emng a 

tbcaroughly basic, presumably basaltic, parental magma are, how- 
ever, strong and will become tppaieat as the disoussion proceeds.” 

Thus Bowen derives the various rock types from basic and basaltic 
asema. supported by his experiments on hqiiid inelti m ^ Isborstory. 
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1V> him crystal ftactionation it the cih«f cause of the diversity of rocka. He 
bdkves that basaltic magma genaally gives nae to quartaose late differentiates 
but fwwW oertam conditions a liquid (teflcient in silica may be filter-preas^ 
before reaction with early^ormed crystals such as pyroxenes; or die liquid 
may be nch in silica if flltcr-pcessed during pentectic reaction, leaving behind 
feWspathoids. Daly, on the other hand, considers that ‘primary basalt’ 
magma is capable of giving nsc to various rock-types but he attnbutes the 
formation of alkaline rocks primarily to the desilication of basaltic magma 
by wide-spread assimilation of limestones and calcareous sediments Thus 
both the authorities view the alkahne rocks as abnormal and derived under 
exertional circumstances frOin the ‘ primary basaltic ’ magma. Contrary 
to the views of Bowen and Daly, W Q Kennedy (p. 256, 1933) basing his 
conclusions on the investigations of the authors of the Mull Memoir, says: 

“Study of individual rock bodies and regional magmaUc provinces 
leads to the conclusion that there exist two great primary basalt 
magmas, the olivine-basalt type and the tholeiitic basalt type, each 
of which gives nse normally to its own particular Ime of descent. 
The former u the parent of the alkaline rock suite and the latter is 
the parent of the calc-alkalme suite as follows ‘ 




ONviae-Biult Migma-Type-? 
Tnchywdeilte 
Trachyte 


-Tholeiitic Magma-Type 
AnJeiitc 
Rhyolite 


There is no evidence that either of these “ prunary “ magmas 
is a derivative of the other nor can we point to any common 
parent from which they could have been derived... “Any 
such relationahip is too far removed from the scope of the 
ix-esent investigation to merit discussion, and all that seems 
oertam is that both types of basaltic magma have been available 
throughout geological history in immense amounts and over im- 
mense areas. We arc justified, therefore, in regarding them, for 
the purposes of petrq^enesis, as primary magmas.” 

Thus Kennedy maintains that a particular late differentiate is determined 
onty by the nature of the pnmary magma and is not the residt of the pfaysko- 

chemicai conditions obtained ^ring stdidifleation. 

Nifgli (1938) ikefers to assume two m- even a larger (yet limited) number 
of wetHdefined basaitio ‘ Stammagmas ' (“ Zwei odear emer kfcinen Zahl 
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vnMildefinlerter bttsaltiadier Stammagniea,'* ^ 653, 193S) fl» die derivatioii 
i<oek>types of petrograiduc provinces. NtgSli uses die twnat * Aingsngs ’ 

* Stmunagnui’ instead of ‘prunary magma ’since dim is a greet vudatKMi 

the ootnposidon of die basic magma, as is diown by die latg* basaltic 
field la die CLMT-diagrem (Fig. 6) 



PW.6 

QLM-Diagnin of ilw CnddapeJi Trap* 

Basing his observations on bis molecular values, Kiggli has found that 
the olivine-basalt or * plateau-basalt ’ type is essentially of nonnalgabbtoid 
to homMenditisdi and that the tholeiitjc type varies from nonnalgabbro- 
diotitisidi to mihaiaitudi. He says that the theory of Kennedy holds of^, 
but on a careAil investigation one can observe all possible intennediate 
members in between these two types; at the chemical diflbrencer ttoclf is 
ralatiVety small, so that normalgabbroid t^ies are found also in typical FhdflO 
provinces and gabbrodioritiaidi in the Atlantic. On a conqwriami of the molw- 
outer values of thokiito and nonte and of ‘ pte^u-ba^ti ’ and tholciitet, 
and ftotu the asaocMtkm of boraldendhiaoh and horabtendepe rM o tft tec h 
A5 
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type* vab ‘ plateau>baMlt> ’ and tholeiites, he oom^udes that tholeute vtm 
derived frwn completely fluid magmas of homblenditisch and homWende* 
peridotitudi con^wsition and that, as these magmas give nse to hotcro- 
morphpus rock-types wjth such mcuioimnerabc rocks as amphibole piente and 
homblendite wdiich exhibit similar composition included m them, the further 
course of differentiation depends entirely upon the predetennined primary 
molecular constitution of the early formed crystals combuied with the trend 
of diffusion. 

H Kuno (1937), after a chemical study of many basalts, quite different 
from that of Niggli, amved at a snnilar conclusion (p. 208), namely, that 
“ these rocks are differentiates of more basic magmas by fractional crystallisa- 
tion ” and that “ the ultimate primary magma from which these rocks have 
been derived are supposed to have had the composition of an olivinc-ndi 
euente ” He expressed the general trend of differentiation of this primary 
eucrite magma in the following tentauve scheme: 

Prim*ry CMivmo-eucrit* msgins 
Ollvioc.b»»lt Msgma-type 


Mugearuei. Trschyandesiw. etc 
TraehylM and other Kid tikaliae rocki 


(Satunted Olivine-bfults, aiich 
•a thoae of Hawaii tod Iceland) 

Tholeutic Masmt-Type 


Rhyohie* 


Even though there is agreement between Niggh and Kuno m considering 
the plateau-basalts as derivatives from a more basic magma, Niggli conceives 
of a of ultrabasK composmon while the ‘ prunary magma ’ of Kuno 

IS gabbroidal or nontic This latter accordmg to Niggh is denved from a 
more ma gma ; but the attractiveness of Kuno’s theory hes in considering 
the tholeute type as the denvativc of olivine-basalt which is an amplification 
of the observauons of Niggh 

In conceiving of the plateau and olivine-basalt magmas as denved from 
hquid ultta-mafics, wo have to face the objection raised by Bowen. Bowen 
(1927 and 1928) denies the existence of peridotitK magma and concludes 
that Btonommeralic rocks such as dumte, anorthosite, etc , do not represent 
the coopositicm of the magma from which they were formed but are aocumu* 
lations of early-formed crystals which separated from the liquid by crystal 
fractionaucm. He supports his view by expcrunental work on liquid metu 
which indiVjtM that ultra-mafic magmas can be liquid only at i^ohibtovety 
high tomperatwes* But C. N. Fenner (1938) and H H. Hess (1938)comidsf 
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tbit hyperf\i8iWc constituents would have a controlling effect on the tcmpc- 
ntuie. C. N Fenner states (p. 399. 1938) ‘ 

“ This leads to the conclusion that, contrary to infeiences reached m 
the theory of crystal fractionation, wholly liquid magmas of ultra- 
basic composition exist.” 

The views of Fenner and Hess may perhaps be verified in a few localities, 
but it may not follow that all pcndotites represent direct product of solidi- 
fication from the magma of the same composiUon On the other hand, 
Bowen has clearly shown that certain peridotites are the result of accumula- 
tions of early-formed crystals from a basaltic or nontic magma In the 
case of the pendotites of Skye he pointed out that the chilled marginal facies 
Of the ultra-maflcs earned phenocrysts of olivine in a flne-gramed basaltic 
matnx, indicating that the core is the result of accumulations of early crystals 
from which the residual liquid was filter-pressed. We should, therefore, 
look for positive proof in the field regardmg the origin of such types as the 
trap from which the (analysed) specimen A was collected. In this connection 
It may be worth noung that C S. Fox (quoted by A. L Coulson, p 150, 
1934) describing the occurrence and field relations of this trap, states 
” The ndge (west of Puhvendla Inspection Bungalow) appears to consist 
of a composite sill (three separate sills) of dolcntc, the middle one, 
a dark, coarse, scoriaceous-wcathenng rock being rich in olivme, 
while the layers above and below it arc dolentes without olivine *’ 
A L Coulson comments thus on the statement of Fox . 

“ These observations of Dr Fox have great interest and deserve ampli- 
fication The author collected specimens of the sill which bear 
out Dr. Fox’s remarks Thus the uppermost part of the sill is best 
described as a quartz-dolerite It is very sunilar to a specimen 
of udut IS undoubtedly the same sill collected near the 38th mile- 
post on the Cuddapah-Pulivendla road, U miles WNW of Vemula.” 
" The central portion of the sill is very basic and contains abundant 
augitc, oEvine, (’’) hypersthenc, serpentine, a Ettle feldspar, iron-ore 
and brown mica. It is a picnte It also has lU counterpart m a 
similar specimen collected near Vemula. 

The lowest portion of the compound sill is intermediate in basicity 
between the upp^ost and central parts, being best described as 
a dolerite.” 

FMm his own fi^ and laboratory studies the present wnter if quite in 
agreement with the above description. The upper and lower dolerites do 



N. A. Vemten 


m 

not ^ipMr to be tbe boi^der (scie* fSwniod at the revUlt of filter pfet^hg 6f 
the letidnel liquid, nor do they otMttain any olmne phenoctytb to wammt 
wcfa an atauaqMioa: but th^ do repreaent quxte s^arate i^uset of intrusion. 
It ia suggested, theeefore, that type A represents the prunary magma of the 
composition of pkrite from which other types were possibly differentiated. 

In Fig. 6 is shown the mam basalt field in which are dwtmguiahed ‘ Normal 
basalt ’ and * «h>«h basalt ‘ and a well matked area of calc^alkslmc rocks. 
It can be seen diat (he major portion of the ‘ Normal basalt ’ represented by 
thokiite. optuohdi and ‘ plateau-basalt ' is occupied by calc-alkalme field. 
When the QLM values of the Cuddapah traps are plotted, it is seen that all 
the nonnal types occupy the region of ‘ Normal basalt ’ while A and I whiph 
an distiiutly earlier in the differentiation senes are found towards the side M. 
There is only one trend of differentiation, from picritic composition towards 
the cido«lkaline field at shown below 

Pfcrrte (horabtedeperidetidach) 

I (ri-wroxcaitlMh 

dollrltM nennaigatibroid or c-gsbbtoid) 
quarts dOtoritw (oormalsabbtodtoritiKh or mlhaniilKb) 


Otmietl & Piirol 0 gie*l Study if Z>yi* Rotkt m Ptt-CamMatt 3W 
Tht hf Diagram 

The sente of diffnentiation is elto indicated when we study die 
intendation between the three Basis mokculos Kp. Ne and Cal. whkh is 
(nought about by k and « values themsdves, on a triangular diagram vltosc 
comers arc Kp, Ne and Cal, in whidi the three generalised diagrams con- 
stmeted by Ni^li (Figs. 2b, 3h and 46, 1938) fen the three petrographic suites 
ate included in a simplified form. When * and w values for the Cuddapah 
traps arc plotted in the diagram (Fig. 7) it is seen that except for the points 
t) gnd I all the others fall within the field of the Pacific suite. 

It is evident from these studies that the Cuddapah intrusive belongs to 
the cak-allcaline siute. 

SUMUAKY AND CONCLUSRW 

The traps of Cuddi^iab age mark an in^iortant period of vokanio activity 
lata- in age than the Dbarwars and probably earlier than the Cambrian 
The chief character (hat disUnguishes the Oiddapah traps from those of 
Dbarwar age is the marked freedom of the former from metamorxJusm as 
the Penuisula was free from major earA movements after Aeir mtrusion 
In Ae present work an attempt is made to study Ac petrography and 
petrochemistry of these basic rocks collected from several sills mtrusive into 
Ae V^paUe limestones and Ae Tadpatri shales in Ae Ceded diatncts 
Th«e trap rocks are composed of colourle!*, non-jfieochroic pyroxenes 
and labradorite feUspais wiA sub-ophitic to dolentic textural relationship 
betweor Aese two minerals indicating that Aey crystallised more or leas 
simaltaneously This is also confirmed by Ae /(norm) values. The 
pyroxenes belong mostly to Ae monoclinic variety, augite, Ae oAcr mono* 
clinic pyroxene, pigeonite txing rate or absent; m the olivine-beanng types 
there u also Ae rhombic pyroxene, enstatite. The optic axial angle of Ae 
aogiA vanes from 56' to 40' and Ae extinction angle from 46’ to 36° The 
ensutite is optically negative (2V «■ - 83' ± 2') and is nch A nugnosAm 
The Cuddapah traps, Ae Newer dolentes and Ae OwaJior traps are 
to each other A Adr pyroxenes bemg mainly augite wiA a large 
optw axial angle. They difer from Ae Deccan traps, the Karroo dolentes. 
Ae WhA Sill and Ae New Jersey diabases A Ae absence of pigeonite which 
diancteriset Aose rocks. The avenge con^ositKm of Ae plagiodaae, 
from boA Univenal Stage deteminatioiu and chemical analyses 
u found to rants turn bytownito wiA 75 per cent, aaorthite to oiigociaae 
oaaadlSHieof 30 par oaot.aaorAttewkh a mean value of about 55 per cent, 
aaorthite. 
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Prom a study of the analyses, a»x distUKt magma-types (NiggU’s) have 
been recognised* 

1 Melagabbrotfioritisch 

2 Miharaitisch 

3. Normalgabbroid 

4. c-gabbroid 

5. s/-pyroxenlttedi 

6 HomWendependotitiach. 

Petrochemical studies, using Prof. Niggli’s methods, show that the rocks 
are basaltic in nature with only a limited range of diflcientiation. The 
differentiation diagram based on the Niggh molecular values, QLM values 
and Jbr values show that the Cuddapah magma belongs to the ‘Normal 
basalt * of Niggli ( •= Tholeiite type) and that the trend of differentiation a 
similar to that of the calc-alkalme suite of rocks 

These conclusions are only of a hmited validity as the number of speci- 
mens analysed u smaU. As these traps occur extoisively and over large 
areas, there is scope for the extensive collection and study of much material 
which will lead to a wider understanding of the nature and history of these 
rocks 
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CHEMICAL EXAMINATION OF THE FRUITS OF 
TERMINAUA BELERICA ROXB. 

Part 11. The Component Clyccrides of the Fatty Oil 

By Bawa Kartar Sinoh, F A.Sc . and Abhay Kumar 

ei 9f AUahabod, AUakekai) , 
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frin component glycerides of the »eed oil of Temtnalla beierica have be«i 
fTff tw W d The amounts of okic, linoleic, pahnitK and stearic adds hRw 
been found tp be in fair agreement with those reported* in Part I. Tile 
component glycerides of the oil arc Palmitooleolinolein 35-24%, Steanp* 
oleolmolein 43 51%, Palmitodiolein 1 07%, Stearodiolein 1 95%, DioleO^ 
Wn 9- 5^ and Tnolcln 8-69% ] 

Jn a previous communication,* the percentage composition of the com- 
ponent fatty acids of the oil from the kernels of the fruit of Ttmiaaba 
bekHca (natural order Comhretacea) has been reported by Saran and Singh ; 
the present work is in contmuation of it and deals with the glyceride structure 
of the oil. A few other species of TtmhMlta have also been exammed for 
the composition of seed oil, namely. T cotappa from East Indies* and West 
Africa* and T ehebula * The major component acids of these oils arc ole®, 
IhKrietc and palmitic, stearic aad bemg present m only mmor propoiSioiRi. 
Ttic fatty acid composition of T. beUrica as found directly by Saran and 
is In ftlr agreement with that determined from the glyceride connio- 
sition of the oil as shown below : 


1 Oleu, 

1 Ueoleic 

1 P«l«utlc 

Rteuio 

SjpUD md aingh (direct detennlnillon) 

. iSM-l 

it 9»* 

II-SOK 

16 00* 

Prgewt gullwn (glyceride ^tructtife) 

«-S8A 

29 Ml 

11 2S» 

1S-4S* 


It will be thus seen that oleic and UnoleiC acids are the misfw compo- 
nents of aH T^mOnalia species, the amount ranging between 56 to 84% 
Thets is, however, this difference that whereas stearic edd is {wesent only 
hi minor proportions and is not a major component m other species of 
WhnMia so far investigated, it becomes a major conqxment (over 15%) 
ilOhf With pOtMo acid (over im in fite seed dl of f. btkriet. 

A4 ^ 
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Th« nuuAer (rfglycorklM iffCMOt in the seed ofl of T. behrtea it found 
to be BX. wher ea ff die total nuntoer cS ^yoohlea wldch can be formed ftom 
Itott adds and be glyed^ radicat, » forty. 

Extbumimtal 

The oil extracted from the crushed kernels of the fruit of T. btiertea 
widi ether (4O*-dO‘0 was purified With anunal charcoal and 

Fb]ler*s earth, dried over ftsed calcium chloride, neutralited widi sodium 
carbonate and filtered. 

One hundred gtama of the oil was chilled*'* in the frigidaire with rix 
tH— ita weight of pure and dry acetone for a week. No solid separated 
allowing die absence of trisatunted and disaturated-mOTOunsaturated 
^ycaridet. The experiment was repeated twice with each of the following 
samples of the oil:'— 

(a) Freshly extracted and purified oil, (h) about one year old oil, and 
(e) of oil used by Saran and Singh, but m no case any solid glyceride 
The absence of triiaturated glycende was further confirmed 
by the oil dissolved in pure and dry acetone widi powdered 

potaarium permanganate.* 

One bundled grams of the oil was bronunatod*'* in ten times its woght 
of dry petredeum ether (dO’-dO®) at - 5*C. till the brown colour persisted. 
It was kept in the frigidaire overnight. No solid separated. Ebccess of 
bromine was destroyed with sodium thiosulphate solution, washed, dried 
over fosed cakinffl chloride and the sedvent disdUed off. The viscous residue 
was with absolute alcohol, absolute alcohol + acetone (1 : 1), 

methyl alcohol + acetone (1 : 1) and acetone in succession. 

The sofaetne of separation is given below 


Nwtra] OU (100 911 .) (Brofmnatsd io dry prtrolsuin cthw) 

bwhiil* (nil) Mubic (SKW^eCbroffilM destroyed 

“*** ' ^ wubsd. drhd * loIvsQt dMBedS! 

Bsttaewd with »b«olut» akob^ 

tuinhiWf tattKSsdwIilisbaol MWilcdwI + swlonsd 1)1 SoluW * Fi (3S-S (m.) 
btelabM tW cIwKsd wMi WsUiyl sicoaol + acsleas (1 ; 1)1 Seh itite F, (78. 1 pn.) 

lasehiWa (s« nictsd with icstonc) SoluMe F, (5 -9 «*,) 

lHpli*L(aB) A^»ol<iWsF«(45.4*a.) 

The fracttooi F,. Ft. F,aad F* ware dcbromtaatixUiy tokmfi them in 
gtsdiy] aicidiol, adding rise dust, saturating with dry hydrogen ohlpt^ gat 
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aadtH«tefiSl»M««r«lkouHtiadc(ndlhMbitlMW«tn<4« The brominatod 
pcodncto woe Mponilled. die ooMfionifUMe matter removed and die ndaed 
tety aeida libended. The quantity ot hidividual adds in each fiactioa was 
by delermininf their sapoaiflcation equivalent and lodme and 
thiooyanot« values. The quantities of saturated adds bmg too small 
in these ftacdoos for estimating diem separately, they were considcKd as 
one add and their mean molecular wd^t detenmned on extracting with 
ptmrcdeum ether (40‘‘-60*)> the oxidaticm iHoducts of each fraction with 
potassium pennanganate.^ The glyceride structure was calculated 
widi these data u given below in Tablet I to VI. 



TABtfi II. fVe{gh$ % of cKtda M different fractions 
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F, 

F» 

F, 

Unalale 


tr-M 

S 3 -e 7 

urn 

se-se 

CHrtc 


1 fsei 

tS'Se 

U-SI 
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Table V Mol % of octets on total acids 



Table VI Probable glyceride structure 
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above considerations the probabie glyceride structure nsay be given as: 
Palmitooleolinolein 35-24%, Stewooleohnokin 43 51%; Palmitodiolem 1-07, 
Steatodiolein 1-95%, Dioleolmoiein 9-54% and Tnolein 8-69% 
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